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FOREWORD

The papers presented at the* Twenty-Second Annual
Conference of the Military Testing Association (MTA) came from the
military, government, educational and business communities of the United
States, Canada, Britain, Australia, West Germany and Belgium. The views
expressed in them are those of their authors, and not necessarily those
of the organizations which they represent.
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KEYNOTE ADDRESS TO THE MILITARY TESTING ASSOCIATION
LIEUTENANT-GENERAL HA CARSWELL

27 OCTOBER 1980

Mr. President and Mr. Chairman, Ladies and Gentlemen. Good
afternoon, and welcome to Toronto and to Canada from the Canadian Forces

Personnel Applied Research Unit, and, indeed, from the Canadian Forces.
I understand that LCol Rampton is both your President and your Chairman,
and I would like to express my appreciation to him for giving me the
opportunity to be here today before this very distinguished group.

[4 You have heard who I am and something of my background. You may

have observed that I have spent all of my career until 1977 outside
National Defence Headquarters. You may well ask, therefore, what

qualifies me to give a keynote address to a meeting of the Military
Testing Association? It is true that I do not have long experience in
this type of work. What I do have is a responsibility for policies and
decisions affecting large numbers of people as well as military
effectiveness, and I also have an appreciation that those decisions need

the type of advice and assistance that only you can give. That may be a
marginal qualification, but it ceztainly is based on a sincere concern
with what you do. I could be described as a vitally interested consumer

of your services.

As I have been asked to set a keynote for your meeting, I would
make it "cooperation between you the researchers and those of us called
planners and policy-makers". Actually, that is all I was asked to do, so
I could sit down now. But to justify my trip from Ottawa I would like to
take a few minutes to expand on the basic theme.

During the past few years I have become acutely aware of a
tendency for Western Armed Forces to emphasize equipment technology
perhaps at the expense of not giving due attention to the need for
personnel to operate that equipment, and, indeed, to the needs of those
personnel. I except that we may soon reach a point where the human
element could be the limiting factor (both quantitatively and
qualitatively) in the effective operation of some of our weapons
systems. It is the task of all of us to ensure that this does not
occur. With that in mind, there are two themes that run through what I
have to say to you today. First, we need to learn how to make better use

of our behavioural science knowledge; and second, behavioural scientists
have to improve their ability to translate their knowledge and the
results of their research, so as to make it even more useful to policy

makers.

In the next few minutes, I'd like to review some evidence that, to
me, foretells personnel problems that must have an impact on personnel
planning for the future. Secondly, I'll provide some examples of

behavioural science input that has been used in the development of
special manpower programmes in the Canadian Forces. Then, I'd like to
suggest how we, the policy makers and planners, and you, the behavioural
science advisors, can work together to help solve our personnel problems

and to learn how we can best adapt to change.

- 13 -
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Military institutions, especially those dependent on volunteers
for recruits, are extraordinarily sensitive to social and economic
changes in their host societies. This connection has been demonstrated
in studies that indicate that these trends, including socio-demographic
change, affect the forces' ability to attract, train, retain and
effectively employ its manpower. Briefly here are some of the more
critical Canadian trends, which seem to be paralleled in other western
nations:

- We are seeing a drastic reduction in the size of what has been
our prime recruiting population, that-is the 17 to 24 year old
males. This trend is forecast to continue at least to the end
of the century.

- There has been a significant increase in the le--el of education
of labour force entrants. This is changing their preferences
and expectations, making them less likely to pursue a military
career and more likely to voluntarily OPT out of military
service if they do enter.

- There is a trend towards early skill acquisition among youth
through attendance at community colleges and other civilian
vocational training institutions. This trends to render
military trade training less attractive and, in some cases,
even redundant.

- There is an increasing demand for high-skill technicians, a
demand that will soon far exceed supply. As our technology
becomes more complex, our technicians must become more skilled,
and thus more attractive to industry.

- There is much increased demand for family stability driven by a
variety of factors, not the least of which is the increasing
incidence of more than one salary earner in the family.

- Another factor that has had, and will continue to have, an
impact on military personnel policies is Human Rights

Legislation. The Canadian Human Rights Act was brought into
force in 1978, and it prohibits discrimination for a large
number of factors, the most significant of which, from a
military point of view, are sex, age and marital status. This
social development will have great significance to our military
forces.

These are just some of the factors that are bound to affect us.

N-14-
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In Canada, and I understand in other nations as well, the military
has not always kept pace with these changing social and economic
realities. For example, until very recently, we have concentrated our
recruiting effort almost exclusively on the segment of the manpower pool
which includes the least educated and the most turnover-prone of the
Canadian labour market. This has resulted in recruiting shortfalls and

in increased personnel training and replacement costs. Recently, we have
started to turn this around. Following the advice of our researchers, we
have taken positive steps such as to subsidize tradesmen in specialized
courses, for instance marine engineering technical training which is
given in civilian institutions. Also, we have started to look seriously
at our recruiting practices. We are considering giving advance standing
to individuals holding civilian skills that parallel those required in
the forces. We do this in special cases now, but we plan to broaden the
programme a good deal. These plans, the marine engineering training, and
trade skill recognition are two examples of ways to hold down training
costs and take advantage of labour market trends.

Obviously, military forces must evolve as society changes. At the
same time the military is unique. Certain aspects of the military, such
as the concept of command, and unlimited liability set them apart from
the rest of society. There is much that is unattractive about military
life, and one could question why anyone would join. Many of the things
that lead people to enrol, and stay in, are related to those very things
that set the military apart from society in general. Thus there aet!risks involved in making social changes too quickly. The challenge is to

find the balance between changing enough to remain credible, but at the
same time preserving those peculiar military institutions, values and
traditions which make a positive contribution to effectiveness and
morale.

These are the types of problems that we face, and it is safe to
say that my colleagues and I are becoming more sensitive to the need for
behavioural science help to enable us to make better decisions in solving
fhem. My rnnternrt in harge of materiel, for example, has argued
strongly for the need for behavioural scientists on all eormitees and
working groups responsible for the procurement of new equipment. This
includes weapons systems.

One of our personnel programmes, The Land Operations Trade
Reassignment Programmes (LOTRP) is a classic case of how behavioural
science research can be used for direct improvement. LOTRP was designed

to regularize the supply of personnel into the combat arms trades and to
reduce overall attrition in the CF. It provides combat arms personnel
with the right to move to other skill areas within the military after
serving for a given period. In this way they can realize both their
mobility aspirations and their wish to acquire technical skills.

- 15 -
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Researchers at the Canadian Forces Personnel Applies Research Unit (the
unit commanded by LCol Rampton, your President) worked hand-in-glove with
our policy makers to develop and implement this program in 1976. Its
creation was based partially on the trends in society that I mentioned
earlier. LOTRP appears to have worked quite well, as attrition has
reduced, and further, the experienced combat arms soldier has brought
maturity and stability to the young recruits in his new training group.
Ie want to test that perception, though, so we plan to do a full-scale
evaluation of LOTRP's effectiveness in the near future. Our behavioural
science researchers will play a large part in that evaluation.

A more global use of our behavioural specialists is in our
employment-of-women studies. Since January, we have been conducting a
series of trials on the introduction of women into land combat support
units; on a support ship of our fleet; to an isolated base in the high
Arctic; and, as aircrew in non-combatant aircraft. Our behavioural
science advisors have assisted to a very great extent in developing
evaluation strategies and they will be providing analyses of data to the
trials directors on a continuing basis. Our decisions regarding where
and how to employ women in our force and how to overcome the problems of
fully integrating women will depend on the results of this series of
trials.

The programmes that I have talked about are just some examples of
how behavioural science has of been help to us. I would not, however,
want to leave you with the impression that the Canadian Forces have found
a magic formula for making optimal use of the results of personnel
research. The fact is, that in order to successfully grapple with our
personnel problems of the future we must foster and extend the
cooperation that now exists between the researcher and the operator, and
between the researcher and the policy maker. (I'll leave the question of
cooperation between the operator and the policy maker to your
imagination). Our problems of manning and our problems of the interface
between people and technological advances will increase. It follows from
this that all of our future programmes must be evaluated in terms of
their impact on our ability to maintain appropriate personnel quantity
and quality levels. We must think in terms of both cost and operational
effectiveness, with the latter being the driving consideration because it
is our reason to be. These evaluations will provide a challenge for our
behavioural researchers. There will be a special challenge for those
concerned with developing better methods of human measurement.

One of the reasons that we need specially trained researchers is
that laymen, like me, too easily jump to conclusions. It is of great
concern to me, and I'm sure to others in positions similar to mine in our
respective forces, that personnel researchers not only study and raise
problems, but, that their results provide advice and guidance towards
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practical solutions. Handing me a research report that concludes only
that more research is required, is not very helpful. A large number of
our problems beg immediate solutions and they cannot wait until "all the
facts are in". Usually the decision maker does not have the luxury of
time to wade through thick, inconclusive reports or to wait for the
"further definitive report" which may never come. Speaking about the use
of research results that are already known, we muot search for ways in
which this knowledge can be brought to the attention of decision makers
and also to the aid of those who operate our personnel system. We are
considering a number of ways to do this. One promising proposal calls
for the employment of "staff implementors" who are trained in research.
These advisors would collate material and would work directly with policy
makers and personnel managers.

The point I want to emphasize is that we must find more direct
means of putting behavioural science research findings into practice. We

must learn to take full advantage of your know-how to help solve manpower
problems that face us. We share a responsibility to ensure that this
3ccurs. You, the researchers, must strive to translate your results into
usable form for policy implementation, and we, the policy makers, must
learn to make full use of the knowledge and experience available. In the
last fifty years or so, we have come to rely on the engineers and
physical scientist to provide technically sophisticated equipment to
increase our battlefield effectiveness. For the next few decades, it is
likely that behavioural scientists like yourselves will be equally
important in helping to ensure that we have the right nLmbers and the
right kind of skilled personnel to exploit that equipment to the full.
The man/machine interface may not be the most critical topic of study in
this regard. Interpersonal dynamics such as indoctrination and
socialization, unit cohesion, and, leadership practices may prove to be
the crucial elements in our ability to develop and maintain effective
forces for defence.

It should be obvious now that I fully support your organization
and I want to express a deep sense of gratitude to those of you who work
for us in the behavioural science areas. Your efforts to come to grips
with the complex problems facing us are now receiving a measure of the
acclaim to which they are entitled.

I' In conclusion, I'd like now to speak as a decision-maker to you as
researchers. I would think that I speak for most of my group when I
direct your thoughts to the following matters which concern all military
organizations.

- How can we identify and then desctibe the command and
leadership structures required for the battlefield of the
future? A battlefield where better educated and socially aware
soldiers will function in smaller, more independent groups?

-17-
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- Can we measure and reconcile the incompatibility between the
needs of the military force, and the needs and aspirations of
the individual?

- How can we measure the effect of different rotation practices
on unit cohesion? To what extend do one-for-one exchanges
degrade unit performance?

- What will happen to military participation as family styles
change? What can be done to meet the needs of families where
both spouses are employed?

- Can we measure the difference in attitudes and values between
operational and support personnel? If there is a significant
difference, how can it be reconciled to maintain the integrity
of combat teams?

- How can we find the balance between the need to change, and the
need* to preserve the uniqueness of the military?

That is only a short and partial list but it should go a long way
to illustrate the extent to which we planners need your help.

We all are serving in exciting times and I envy you the mental
stimulation of your work. (Not that my job is dull) As I said ai first,
"our key word and key note is cooperation". I wish you well in your
search for the answers to our questions.

11 i[ -
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Introduction 2

The belief that the reading ability of enlistees has declined, the
dislike and fear of testing among enlistees, the flight from high school,
and the need to produce reliable tests of high fidelity to manage training,
are four reasons among many for the movement toward hands-on testing, and
away from written testing. Accordingly, a large portion of US Army testing
employs the hands-on approach to testing. 3The Hands-On Test (HOT) is that

part of the Skill Qualification Test (SQT) which tests the soldier's
ability to perform4critical tasks on actual job equipment or simulators
(Guidelines, 1977) . The HOT is a highly structured test which must be
administered and scored according to very specific instructions. All

* evidence suggests that the HOT is well received by the field and is one
of the best training tools available because it tells commanders and
soldiers where to direct training. The major complaint about the HOT is
that it requires extensive equipment, people, time and other resources
to administer, although recent HOT development guidelines have changed
to allow production of HOT that can be administered in a typical unit.
Nevertheless, it has not always been possible to test soldiers in the
hands-on mode because soldiers are assigned away from units that could
support the testing, equipment is not accessible, and there is a lack of
qualified personnel to administer the test. Since Army testing is critical
to the management of training and the selection of individuals for promotion,
and the tasks tested in the HOT are critical, an alternative method to the
HOT had to be found. Furthermore, the method had to be inexpensive, easy
to administer, reliable, and valid. The method used was to return to
paper based testing using illustrated written items. The test is called
the Alternate Hands-On Test or AHOT. The rationale behind this decision
was that soldier training would be improved if some type of test feedback
was available. The purpose of this study is to review the techniques of

<I writing these items and review data on the validation of these items.

2. The authors wish to express their appreciation to MAJ Melvin H. Sutton

of the US Army Transportation School for his help in securing the data for

this study.
3. The other parts of the SQT are the Job Site Ccmponent (JSC) and Skill
Component (SC). The SC is a performance-based, highly illustrated written
test, while the JSC tests the soldier during performance of his job.
4. The two major sources for this paper are TRADOC Pamphlet 351-2 (Draft),
Guidelines for the Development of Skill Qualification Tests, 1980, and TRADOC
Pamphlet 351-2, Guidelines for the Development of Skill Qualification Tests,
Dec 1977. In the text of this paper they will be referred to as (Guidelines,
1980) and (Guidelines, 1977) respectively.
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Part I - AHOT Techniques

The techniques for writing AHOT are not unlike those techniques used
for writing items for a paper and pencil test. One of the major differences
is that the item writer has the benefit of the HOT (described above). This
includes the HOT scoresheet which is a behaviorally stated checklist of task
performance steps. Figure 1 is an example of a typical HOT scoresheet. The
scoresheet or checklist supplies the item writer with behavioral statements
on which to base written items, limits the writer to the performance steps
tested in the HOT, and focuses his attention on the critical areas. This
technique increases the face validity of the AHOT and increases the content
validity as assessed by subject matter experts. Item writers are typically

senior non-commissioned officers (NCO) with recent job experience. In
addition to their own experience, item writers use field manuals, technical
manuals, and a Soldier's Manual as a content source for items. The Soldier's
Manual is the result of extensive job- and task analysis, and contains task
statements that describe some relatively small part of a soldier's job. In
addition to the task statement, the Soldier's Manual contains a description
of the conditions under which the task is usually performed, the standards
of performance, and the steps which describe accomplishments of the task
from beginning to end. These steps are referred to as performance measures
or performance steps. An example of a Soldier's Manual page is provided at
Figure 2. What follows is a step by step description of the techniques used
for wrE Lng AHOT based on the steps provided in the Guidelines (1980), while
the discussion of these steps is provided by the aithors.

1, Review Task Conditions: The first step in writing AHOT is to review the
task conditions. Task conditions are th. "givens" in a situation, and the
environment within which the task usually occurs. Task conditions must be
reviewed because the item writer must simulate them as closely as possible.
The assumption here is that the closer the conditions are to the actual job
situation, the more valid the test will be. The item writer must first list
the conditions that typically surround the task by reviewing the front-end
analysis and the HOT. After this list of conditions is established, the
item writer must decide what conditions are most critical and then decide
how to duplicate these conditions in the written test question. Two options
are available to the item writer: reproduction or simulation. The best
choice usually is reproduction because once again we believe that the less
removed from the actual job the more valid the test item. For example, job
performance aids used on the job like checklists, schematics, and tables can

be easily reproduced in a written test as can pages from technical manuals
and forms.

Conditions that cannot be reproduced, such as actual pieces of equipment
like tanks, landing craft, weapons, and tools, or environmental conditions,
like temperature, wind velocity, sand storms and rainfall, must be simulated.

The best simulations involve pictures, illustrations, drawings or some other
non-verbal method of describing the job conditions. The least effective,
but cheapest and most often used method is the written word. An advancage
of the written word is that it allows the item writer flexibility in simulating
conditions. In fact, most AHOT contain a brief written statement called
"general situation" which attempts to place the soldier in a realistic job

situation.
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2. Write the item. The next step is to write an item that is a match to a
performance measure in the HOT. When an item is a match it covers the exact
same content as the performance measure. The goal is to produce a typical,
symbolically presented, criterion-referenced item that states a problem in
the stem and offers five alternatives from which to select. However, the
Item writer does have two types of written items available to him -- the
performance-based item and written-performance item. A performance-based
item is an item that asks questions about correct task performance. The
items are based on the examinee'sknowledge of correct performance of the
task even though he does not have to perform the task to answer the items
(Guidelines, 1977, p 1-7). Performance-based items are the most removed
from the job situation and probably present Lhe greatest threat to validity.
Nevertheless, performance-based items still tmake a contribution to our
knowledge of examinee capability. The Guidelines describe the value of this
type of item very clearly: "While knowing how to do a task does not prove
that a soldier has the physical skill to do it, solfiers who do not know how
to do the task cannot do it (the task) in any case. Therefore, soldiers who
fail this kind of alternate test probably cannot do the task. Soldiers who
pass it may or may not have the skill to do the task." (Guidelines, 1980,
p 149)

Three types of performance-based items exist with two modes of presenta-
tion. The two modes of presentation are written items and written items with
illustrations. Performance-based items that use illustrations appear to be
the most valid because they simulate stinuli that are found on the job. The
three types of performance-based items are as follows:

Knowledge Item. This type of item asks the soldier Lf he knows what to do
while performing some physical task. The item is most useful when it is
accompanied by an Illustration because illustrations can be used to test
recognition. For example, regarding the task, "Don the Protective Mask,"
the soldier can be shown a picture of soldiers performing various steps of
the task and asked if the performance depicted in the picture is correct or
incorrect. The assumption here is that the soldier who is capable of
recognizing correct task performance is more likely to be able to perform

, the task than a soldier not able to recognize correct task performance.

Sequence Item. The sequence item asks the soldier either when some task
should be performed or the order in which it should be performed. The
information is critical to correct task performance and we once again
believe that the probabilities for successful task performance are greater
for soldiers who have this knowledge than for soldiers who do not have it.
For example, a soldier is shown a slide for six seconds and asked when he
should throw the grenade. The slides show out-of-range enemies, in-range
enemies, friendly personnel, and tanks.

Sub-Step Simulation Item. In this type of item the soldier is asked to
simulate scme sub-step of the task. For example, the soldier could be
asked to mark the correct keys on a typewriter or trumpet that would produce
a particular letter or note. However, the sub-step simulation is not

* recommended.
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The other major type of item is the written-performance item. In a written
performance item some tasks or parts of tasks can be performed almost exactly
as they are on the job. These tasks are characterized by the fact that the
correct answer cannot beorecognized without performing the task (Guidelines,
1977, p 1-9). The written-performance item has excellent face validity and

has good content validity as assessed by subject matter experts who review

the items. Examples of written-performance items are those that involve
computation of travel vouchers, or computing distances between two points on
a map, or advising what rnuway to use given traffic load, wind velocity and
other factors. The performance on the test is so close in most cases, or'
virtually exact to the job situation, that one could expect the items to be
valid and predictable of performance. Unfortunately, many psychomotor tasks
do noi lend themselves to this type of item.

3. Review the AHOT. This review is perfqrmed by another subject matter
expert to insure that the AOT is feasible and doctrinally accurate.

4. Write Adminsitrative Instructions. This section involves the review and
specification of personnel and equipment needed to administer the AHOT, test

conditions, preparation before the test, administration and scoring require-
ments, and the training of scorers. The item writer must, of course, keep

these requirements to the- bare minimum or-make the requirements as general as

possible, if not the purpose of the AOT is defeated.

5. Validate. The final and perhaps the most important step in the development
process is to validate the test questions. The validation involves trying out

the AHOT with potential populations and subject matter experts followed by
interviews designed to identify problems. However, the essence of the validation

i involves the AOT ability to discriminate between soldiers who can perform the

task (performers) and those who cannot (non-performers). In this way concurrent

validity can be established for the AHOT.

A-4
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Part II - Validation

The second part of this study deals with the review of validation Jta
and an assessment of the validation to get an indication of its effectiveness.
The null hypothesis was stated as: Rbis ! 0, which is to say that the
correlations between an individual's classification as a performer or non-
performer and the number of items passed would be less than or equal to
zero (p 9 .05).

I Method

Subjects

The sample used in this study was soldiers (N = 7 per task validation)
in the US Army Transportation Corps located at Fort Eustis and Fort Story,
Virginia. The rank ranged from E-1 through E-6 with skill levels ranging

from SLI to SL4. Data regarding the sex of the subjects was unavailable
although a majority of the subjects were male.

Procedure

The Hands-On Tests (HOT) for the entire Transportation Career b.nagement
Field (CMF 64) were surveyed. Only those AHOT that were acceptable according
to the Guidelines (1980), i.e., valid, were used in the study. A list of
the Military Occupational Specialities (MOS) studied is given in Figure 3.

The first step was to establish whether or not a soldier was a performer
or non-performer. To differentiate performers from non-performers, at least
four expert observers rated a soldier on task performance using the Soldier's
Manual task summary or HOT scoresheets as a checklist. Three out of four
expert observers had to agree before a subject was classified as a performer
or non-performer. At least seven subjects were required to validate an AHOT
with at least three classified as performers and three as non-performers. If

enough performers and non-performers were not available for a task, it could
not be validated and was eliminated from consideration. Items passed by at

least as many non-performers as performers, and items passed by more performers
than non-performers were used in the study. Following the validation rules

in the Guidelines (1980), any item passed by more non-performers than performers
was eliminated from future consideration in this study. A sample data sheet

is provided at Figure 4. Biseral correlations were computed using the perfor-

mance classification as the artificial dichotomus variable and the number of
items passed as the continuous variable. One directional t tests were per-
formed to determine if the correlations were significant, (p < .05).

Items used in the study were also classified as either written performance

or performance-based to determine if one type of item was more effective than

the other.

Results and Discussion

Tables 1 and 2 summarize the results. A total of 89 AHOT were sub-

jected to the validation procedure and 33 were accepted as valid measures of

soldier performance (see Table 1). A valid AHOT is operationalized as one

that discriminates performers from non-performers. Biseral correlations were
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computed on the 33 valid AHOT. Table 2 summarizes the correlations on each
one of the AHOT and indicates whether or not the correlation was significant
at the .05 level. It also lists the MOS and the number of performers and
non-performers. Correlations ranged from -.113 to +.867 and of the 33
computed, 9 were significant. Assuming that the AHOT are valid measures of
performance, the results suggest that paper based items are of limited value
in obtaining information about psychomotor performance. However, a number
of cautions are in order because paper based items with illustrations have
been used effectively to predict many different behaviors. The findings may
be due to a number of design artifacts, for example, sample size was small
and as a result the correlations may be spurious or at the very least unstable.

Nevertheless, the nine significant AHOT were analyzed in an attempt to
discover why these AHOT were significant and why the others were not significant.
Three major variables were analyzed: amount of task coverage by the AHOT
items, use of illustrations and diagrams, and the type of item used (performance-
based vs written performance).

Task coverage was operationalized as the number of items divided by the
number of performance measures for a task in the Soldier's Manual times
100 percent. This number gave a percentage of task coverage. Unfortunately,
the percentage is not very meaningful, because some tasKs nave performance
measures (PM) that describe in detail how the task should be performed, while
other PM have very little detail. The analysis suggested that there was no
meaningful relationship between the amount of task coverage and the significance
of an item, although the data is not comprehensive enough to completely eliminate
task coverage as a factor.

Even though matching techniques are of dubious value, we compared the 9
significant AHOT wir-L 9 evenly matched non-significant AHOT to discover if
illustrated items improved the predictability of the AHOT. No significant
difference was found between the two groups. However, the authors believe
that illustrated items are more psychometrically sound than non-illustrated
items.

The other variable selected for analysis was the type of item used in
each group. It was found that the significant group used 8 written performance
items while the non-ignificant group used I written performance item. A t test
was performed to see if the difference was significant at the .05 level and
revealed that the difference was not significant. Even though it was not
significant, the finding may suggest where future work could be done since
written performance items offer more apparent validity than performance-based
items.

A major criticism of the study is that since the correlations were based
on validation data rather than actual datz, some shrinkage in the correlations
would occur between HOT and AHOT. This would further reduce the number of
significant relationships. A better study, and one planned for the future,
would be to administer the AHOT to soldiers taking the HOT using larger sample
sizes.

Another criticism lies in the fact that the criterion group was established
in two ways -- one way was to use the HOT checklist while the other was to use
the Soldier's Manual performance measures as a HOT checklist. The latter method
may not have been as accurate as an actual HOT despite the fact that 3 out of 4
subject matter experts had to agree that a subject was a performer.

A-6

i s - .' -. .. ... . - :. =



A final criticism of the design can be found in the number of correla-
tions computed in the study. One woqld expect, by chance alone, that out
of 33 correlations computed some would be significant. This is indeed a
justified criticism which the authors accept. The study was based upon
available data which precluded elegance in design.

Conclusion

Given the facts that the sample size is so small and that the study
was based on validation data rather than actual test data, conclusions are
tenuous. Nevertheless, the following conclusions are made.

1. The use of written items to test psychomotor performance should
be used with caution and when no other method is available.

2. Written performance items are better than performance-based items.

3. When validating items, sample size should be increased beyond the~minimum.

4.' Validation criteria should be made more strict to better screen items.

i'

21
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TABLE 1

Alternate Hands-On Tests Validation Results

SQT MOS SL Number of AOT Number Accepted

2 57H 1 11 3

3 57H 2 7 1

4 57H 3 8 3

5 57H 4 8 4

2 61B 1 8 1

3 61B 2 6 4

4 61B 3 7 1

5 61B 4 8 1

2 61C Trk 2 1* 3

2 61C Trk 3 * 3 3

3 61C Trk 2 2* 2 2

3 61C Trk 3 2* 3 3

2 61F 1 6 1

3 61F 2 6 3

2 64C 1 2 0

3 64C 2 1 0 '

TOTAL 8q 33

*Actually two different tests.

ii
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TABLE 2

Summary of Correlations

MOS SL Task Number No. Perf No. Non-Perf r SIG

57H 1 1119 4 3 .73 YES
1121 4 3 0 NO
1122 3 4 .84 YES

57H 2 2115 3 4 .71 YES,

57H 3 3011 3 4 0 NO
3012 4 3 -.11 NO
3013 4 3 0 NO

57H 4 4070 3 4 .62 NO
4066 4 3 .49 NO
4046 4 3 .47 NO
4042 4 3 .49 NO

61B 1 1036 4 3 35 NO

61B 2 2080 4 3 0 NO
2083 4 3 .47 NO
2084 4 3 .76 YES
2085 4 3 .47 NO

61B 3 1036 4 3 .35 NO

61B 4 2044 3 4 .80 YES

61C 1 1019 3 4 .75 YES
Trk 2 1024 3 4 .70 YES

1040 3 4 .62 NO

61C 1 1018 3 4 .56 NO
Trk 3 1019 3 4 .35 NO

1040A 3 4 .86 YES

A 61C 2 2001 4 3 .42 NO
Trk 2 2130 3 4 .64 NO

61C 2 2001 4 3 .19 NO
Trk 3 2067 3 4 .16 NO

2124 3 4 .86 YES

61F 1 1016 4 3 .46 NO

61F 2 1014 4 344 NO
1014 34 .50 NO

1016 4 3.60 NO
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FIGURE r

SCORESHEET

UNIT 2. CONSTRUCT A MONKEY FIST (TASK 551-718-2080)

INSTRUCTIONS TO THE EXAMINEE: (Read these exact words out loud.) "LET ME
HAVE YOUR ATTENTION. YOU WILL MAKE A MONKEY FIST. ALL MATERIAL AND EQUIPMENT
NEEDED TO MAKE THE MONKEY FIST IS PRESENT AND IN USEABLE CONDITION. A SEIZING
IS NOT REQUIRED FOR THE TEST. I CANNOT HELP YOU DURING THIS TEST. IF YOU
COMPLETE THE TASK BEFORE THE TIME IS UP OR YOU CANNOT PERFORM THE TASK, LAY
THE LINE ON THE TABLE AND TELL THE SCORER YOU ARE THROUGH. A CHAIR IS PROVIDED
FOR YOU IF YOU DO NOT WISH TO STAND. (Pause) DO YOU UNDERSTAND THE INSTRUCTIONS?"
(If an examinee does not understand, repeat the instructions word for word. If
an examinee still does not understand, tell him, "DO THE BEST YOU CAN.")
Pause at least 5 seconds, then say, "YOU WILL HAVE 10 MINUTES TO COMPLETE THIS
TEST WHEN I GIVE THE COMMAND, BEGIN."
Begin timing when you give the command. After 10 minutes, announce loudly
enough for the examinee to hear, "STOP".

PERFORMANCE MEASURES: (Product is scored.)

(Scorer: Refer to sample display board and compare examinee's monkey fist with
model.)

PASS FAIL

1. There must be three series of three turns.

2. A half hitch must be tied with the bitter end on
standing part.

3. Monkey fist must be oval in shape and no larger

than a baseball.

4. Task must be completed in 10 minutes.

NOTE: Examinee's moukcy '!3t =t 110k like the sample monkey fist mounted on
the display board. Seizing is not required.

GO NO-GO

STANDARD. The examinee is scored GO if he passes all of the performance
measures. The examinee is scored NO-GO if he fails any of the performance
measures. If the examinee .receives a NO-GO, tell him why and record here
the performance measure(s) failed and a brief explanation to show the cause
of the NO-GO.

OSCORER'S SIGNATURE

A-10
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FIGURE 2

Sample Soldier's Manual Page

FM 55-61B

551-61B-2080

TASK: Construct a monkey fist

CONDITIONS: Task will be performed aboard a vessel or ashore when heaving lines
are made, in all climate and weather conditions and under the general supervision

of the boatswain. Cotton line, a knife, and sail twine are required.

STANDARDS: Individual must follow procedures listed below in sequence. Monkey

fist must be oval in shape.

STEPS FOR ACCOMPLISHING TASK:

1. Place the standing part in front of the thumb.
2. Place three sets of turns around the hand going away from you.
3. Remove the turns from the hand.
4. Insert the forefinger in the turns, the thumb on top of the turns.
5. Place three sets of turns over the first set going toward you.
6. Place three sets of turns through the first set and over the second set.
7. Work slack back toward standing part.
8. Tie half hitch with bitter end on standing part.
9. Sew flat seizing above the half hitch.

REFERENCES: NAVTRA 10121-E, chapter 3; RT-443, chapter 1.

uRunning End I

*,. p Standing Part

/ 4

e-.,..Completed Monkey Fist

Starting Last Set of Turns

iii'
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FIGURE 3

MOS Codes and Titles

MOS Title MOS Code

Terminal Operations Coordinator 57HI0
57H20
57H30
57H40

Watercraft Operator 61BI0
61B20
61B30
61B40

WHtercraft Engineer 61C10 (Trk 2)
Trk 2 - Amphibians 61C10 (Trk 3)
Trk 3 - Landing Craft 61C20 (Trk 2)

61C20 (Trk 3)

Marine Hull Repairman 61FIO
61F20

41.7



FIGURE 4

Sample Data Sheet

Test:

Task No:

Item Number

1_F 2 3 4 5 6 7 8 9 i

Number of Performers -

# Passing

% Passing

Number of Non-Performers

# Passing

~% Passing

Item Classification:I

Performance-based Item- J

Written Item - K

A -1



BAISDEN, Annette G. , Naval Aerospace Medical Research Laboratory, Naval

Air Station, Pensacola, Florida.

AN EXAMINATION OF BLACK ACCESSION AND PERFORMANCE IN NAVAL
AVIATION TRAINING (Thu A.M.)

This paper reports on an analysis of black student accession to,
and performance in, naval aviation training. The first report
described in this overview involved a comparison on all black and a
random sample of white civilian procured applicants for naval
aviation training during 1976-1978. Comparisons were made accordingto performance on selection tests, recruiting area, college major,
and reasons for non-selection and declination.

The second report analyzed the performance of all black students
and a matched samr'e of white students in naval aviation training
during 1973-1976, and focused on attrition and such performance
indizes as peer rating, officer-like-qualities, academic grades, and
flight grades.

In the third report three variables, college major, grade point
average, and college racial composition, were analyzed to reveal
relationships to the variables in the study just described.

The fourth and final report examined black students and a
matched sample of white students in naval flight officer training.

Findings of these studies are discussed in terms of relevance
for recruiting programs, preparatory schools and remedial instruction.
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AN EXAMINATION OF BLACK ACCESSION AND PERFORMANCE
IN NAVAL AVIATION TRAINING*

Annette G. BeisdenH Naval Aerospace Medical Research Laboratory
Naval Air Station

Pensacola, Florida 32508

At the request of the Naval Military Personnel Comnr.,nd (NMPC-08C),
the ,Naval Aerospace Medical Research Laboratory undertook a four-part
analysis of black student accession to, and performance in, naval aviation
,raining. The following four reports were prepared and published:

1) "A Comparison of Black Civilian Procured Applicants and White
Civilian Procured Applicants for Naval Aviation Training." (1)

2) "A Comparison of Black Student Performance and White Student

Performance in Naval Aviation Training ." (Pilots) (2)

3) "A Comparison of College Background, Pipeline Assignment and
Performance in Aviation Training for Black Student Naval Aviators
and White Student Naval Aviators." (3)

4) "A Comparison of College Background, Pipeline Assignment and
Performance in Aviation Training for Black Student Naval Flight
Officers and White Student Naval Fliht Officers." (4)

A summary of each of the reports follows.

I. A Comparison of Black Civilian Procured Applicants and White Civilian
Procured Applicants for Naval Aviation Training.

This report compared the performance of the two racial groups on
the Academic Qualification Test (AQT) and the Flight Aptitude Rating
(FAR), the two components of the U. S. Navy and Marine Corps Aviation
Selection Tests. The subject popalation consisted of all the black civilian
applicants who took< the tests during calendar years 1976, 1977, and
1978 (N = 1,232). A comparative sample of white applicants for the same
years was developed by random selection on the basis of the last digit
of the social security number (N = 2,469). In addition to the AQT/FAR
performance, comparisons were made according to recruiting area,

*Opinions or conclusions contained in this report are those of the author
and do not necessarily reflect the views or the endorsement of the Navy
Department.
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college major, and reasons for nonselection and declination. Non-
selection and declination data were provided by the Navy Recruiting
Command on a sample of 6, 352 white applicants and 189 black applicants.
A summary of the findings is presented in Table I.

Table I

Summary of Findings Comparing Black Civilian Procured Applicants
and White Civilian Procured Applicants for Naval Aviation

Training

Variable Finding

White applicants had a higher pass rate than black
AVIATION applicants at three cutting score levels
SELECTION
TEST White applicants scored significantly higher than

black applicants

Highest percentage of black applicants were from
the Southeastern region

TEST Highest percentage of white applicants were from the
REGION Mid-Atlantic and Far West regions

Black applicants from the R-,jky Mountain and
Texas regions had the highest pass rates

Applicants with engineering, technical and physical
science majors had the highest AQT/FAR pass rates

COLLEGE
MAJOR Social science and education majors had the poorest

pass rates

NON-SELECTION Reasons for non-selection were the same for both
racial groups

DECLINATION Reasons for declining were the same for both
racial groups

BAI- 2
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II. A Comparison of Black Student Performance and White Student Perfor-
mance id Naval Aviation Training.

The report analyzing black and white student performance in Naval
aviation training focused on rates of completion and attrition, reasons
and stages of attrition, and the indices of performance listed below.

Peer Rating - A peer evaluation grade limited to officer candidate
students.

Officer-Like-Qualities (OLQ) - Aviation Officer Candidate grade
based upon peer rating, instructors' observation, watch.
inspection and drill grades.

Environmental Indoctrination Final (EI) - A weighted average of
Naval Aviation Schools Command grades.

Basic Flight Grade -A composite of all Primary and Basic flight
grades.

Basic Academic Grade -- A composite of all Primary and Basic
academic grades.

Advanced Flight Grade -A composite of all Advanced flight
grades.

Advanced Academic Grade - A composite of all Advanced
academic grades.

Final Overall Grade (FOAG) - A composite of all Environmental
Indoctrination, Primary, Basic and Advanced academic

and flight grades.

~All of the black students that could be identified who entered aviation

training during CY73-76 were used in the analyses (N = 99). Since attritionicovaries with aviation selection test scores and procurement source, ,,,nd in
order to eliminate the influence of changing curricula, it was necessary to
select a sample of white students matched on these variables (N = 127)

The findings of this study a-e presented in Table ri.
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Table II

Summary of Findings Comparing Black Student Performance and

White Student Performance in Naval Aviation Training

Variable Finding

TRAINING Black student naval aviators had significantly
GRADES lower grades, with the exception of OLQ

RATE No significant difference in attrition rates by
OF race when controlling for AQT/FAR, procure-
ATTRITION ment source, and class contiguity

REASONS Black student naval aviators had significantly
FOR more flight failures and significantly less
ATTRITION Drop on Request than white student naval aviators

Black student attrition remained constant across
STAGE training stages
OF
ATTRITION White student attrition sharply decreased during

Advanced training

II1. A Comparison of College Background, Pipeline Assignment and Perfor-
mance in Aviation Training for Black Student Nrval Aviators and White
Student Naval Aviators.I__ The major objective of the third report in the series was the compari--

son of performance in naval aviation training of the black students with
the matched sample of white students in pilot training during CY73-76 in
the study Just described. Comparisons between the two races were made
by college major, grade point average (GPA), pipeline assignments, and
frequency of completion/attrition from the pipeline.

The black student input was further analyzed to reveal relationships
between the racial background of the college attended and the previously
mentioned variables.

Table III presents the findings of this analysis.
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Table III

jSummary of Findings of a Comparison of College Background, Pipeline
Assignment, and Performance in Aviation Training

for Black Student Naval Aviators and White
Student Naval Aviators

Variable Finding

COLLEGE HIGHEST INPUT RATES
.MAJOR

BLACK SNAs WHITE SNAs

Social Science Social Science
Business Admin Business Admin
Behavioral Science Behavioral Science
Engineering Engineering

HIGHEST COMPLETION RATES

BLACK SNAs WHITE SNAs

Technical Technical
Engineering Business Admin
Social Science Physical Education
Physical Sciences Engineering

GRADE Predictive of pre-advanced academic grades for black
POINT student naval aviators
AVERAGE

No predictive validity of complete/attrite

No difference in input rates
TRAINING
PIPELINES

No difference in complete/attrite rates

COLLEGE Sixty-three percent of black student naval aviators

RACIAL attended predominantly white colleges
COMPOSITION

AQT and Basic Academic grades were higher for
graduates of predominantly white colleges

PAl- 5
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IV. A Comparison of College Background, Pipeline Assignment and Perfor-
mance in Aviation Training for Black Student Naval Flight Officers and
White Student Naval Flight Officers.

The fourth and final i eport examined black students and a matched
sample of white students in naval flight officer training during CY73-
76 utilizing selection test scores, training grades, complete/attrite data
and college background factors. The black sample consisted of 127
students. The white sample consisted of 199 students matched on the
same criteria as mentio:,ed for the students in pilot training. Table lV
presents the summary of findings.

CONCLUSIONS AND RECOMMENDATIONS

In summary, this series of studies indicates that the most qualified black
college graduates are not pursuing careers in naval aviation programs. The
average AQT/FAR scores of the black applicants were lower than the average
AQT/FAR scores of the white applicants. Since these selection tests are
predictive of success in the naval aviation training program, it is not surpris-
ing that the overall attrition rate for the black student population is significantly
higher than that of the white student population.

These studies have demonstrated that when black students and white
students are equated on those variables historically correlated with attrition,
there are no differences ,An student pilot attrition rates. Although the student
naval flight officers (SNFOs) were equated on the same variables as the student
pilot population, the overall SNFO attrition was significantly higher for the
black students. It should be noted that the current selection test battery was

specifically developed for use in pilot selection and has less efficiency for
predicting success in naval flight officer training.

The major problem is not one of black attrition in aviation programs,

but one of failure to attract qualified black applicants. In the four years from
1973-1976, an average of only one black per day took the selection test for
officer candidate and naval aviation programs. Even fewer made formal
application. For the years under consideration in these studies, the black
input averages into pilot training and NFO training were 25 and 32,
respectively. During calendar year 1979, only 26 black students entered
naval aviation pilot training.

Inasmuch as graduates of predominantly black colleges are not repre-
sented in black inputs, more emphasis should be given to recruiting in black
schools, especially among the potentially more successful students who major
in hard sciences. Exposing blacks to aviation through such programs as
the Flight Indoctrination Program may encourage more applicants. Prepara-
tory schools, remedical instruction, roll-back and similar programs will not
significantly affect the number of black naval aviators on active duty.

.BAI-6
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Table TV

Summary of Findings of a Comparison of College Background, Pipeline
Assignment and Performance in Avi.tion Training for Black

Student Naval Flight Officers and White Student
Naval Flight Officers

Variable Finding

TRAINING Black students had significantly lower peer ratings,
GRADES OLQs, EIs, Basic and Advanced academic grades than

white students--
RATE Black SNFO overall attrition rate was significantly
OF higher than white SNFO overall attrition rate
ATTRITION

DOR highest category of attrition for both groups

REASON More black students than white students attrited forFOR academic reasons

ATTRITION
More white students than black students attrited for
physical and not aeronautically adapted reasons

--

HIGHEST INPUT RATES

BLACK SNFOs WHITE SNFOs

COLLEGE Soc.ial Science Social Science
MAJOR Business Admin Business Admin

Physical Science Natural Science
Natural Science Behavioral Science

HIGHEST COMPLETION RATES

BLACK SNFOs WHITE SNFOs

Hard Sciences Hard Sciences
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Table Ar (Continued)

Summary of Findings of a Comparison of College Background, Pipeline
Assignment and Performance in Aviation Training for Black

Student Naval Flight Officers and White Student
Naval Flight Officers

Variable Finding

GRADE Predictive of the pre-advance training grades for white
POINT SNFOs
AVERAGE

No predictive validity for complete/attrite

TRAINING More black SNFOs than white SNPOs were assigned
PIPELINES to the Navigation pipeline

More white SNFOs than black SNFOs were assigned
to the Tactical Navigator pipeline

No difference between black SNFO and white SNFO
attrition rates by pipeline

COLLEGE Fifty-seven percent of black SNFOs attended pre-
RACIAL dominantly Ahite colleges
COMPOSITION

AQT, El Final, and Basic Academic grades were

higher for graduates of predominantly white
colleges

No difference in attrition rates
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BANKS, Cristina Goggio, Department of Management, The University of Texas
at Austin, Texas.

IRJ: A NEW TECHNIQUE FOR MEASURING THE PERFORMANCE RATING PROCESS
(Tue P.M.)

Valid assessment of human work performance is critical for any

organization hoping to achieve optimal utilization of human
resources. Because performance ratings are the most frequent method
of evaluating peformance, it is imperative that rater accuracy be
maximized. Recently, several researchers have stressed the need to
analyze the rating process to identify the determinants of rating
accuracy. A new measurement technique, Instantaneous Report of
Judgments or IRJ, which captures decision-making processes as they
occur during performance rating, is presented. IRJ offers several
advantages over previous attempts to study process: raters report
their judgments immediately and autonomously, cue selection is
unrestricted, and judgments can be linked to Lhe behaviours of the
ratee. Several rating process variables are measured: number of
judgments made, variation in judgments made over time, decision
latency, and type of information selected. These variables can be
linked to uthers thought to be related to rating accuracy including
cognitive style, personality, and background data. Moreover, these
variables can be related directly to rating outcomes such that we may
be able to identify which rating behaviors lead to accuracy and which
lead to error. Research findings obtained using IRJ are briefly
discussed.
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I. I: A NTV TECIN[QUL: FOR MEASURIR(; I'IIE PiRFORMANCE RATING PROCESS

Cristina Goggio Banks, Ph.D.

l)epartment of Management
The University of Texas at Austin

Austin, TX 78712

Int roduct ion

Accurate assessment of human work performance is crucial for any organi-
zation hoping to achieve optimal utilization of human resources. Human
resources are best utilized when the right people are placed in the right jobs
at the right time. This requires organizations to have the ability to correctly
identify and distinguish between high- and low-performing employees. Mhen
org;anizat ions have this ability through valid appraisal systems, they can make
various personnel decisions to make employees productive. For example, high

performers would be promoted to more demanding jobs, average performers would
be developed through training or goal-setting programs, and poor performers
would be trained in basic skills, transferred to less demanding jobs, or

* simply dismissed. Thus, accurate performance appraisal is critical for making
effective decisions about individual employees.

Performance ratings are the most widely used method of appraising performance.
Unfortunate]y, performance ratings are subject to a variety of perceptual and
judgnental errors. For instance, raters tend to let their evaluation of one
performance dimension influence their evaluation of other dimensions (halo error).
Raters also Lend to rate either too high or too low than they should (leniency
error). Some raters tend to give the same rating to all ratees (central ten-
dencv or restriction of range error). Errors such as these have been well-
doc uCMi0ted (4 .1g. Cummin' us and Schwab, 1973; Dunnette and Borman, 1979); Landy

iild iarr, 10,O), and they continue to plague those who use appraisa l infor-
mation for m,,fki(.. variuus petsonnel decisions. Tt is clear that the value

of performance ratini's ik diminished to the extent they are based on something
other than actual job performance. Indeed, rating errors undermine Lhe

utility of ratings as decision tools.

lBecaise performance ratings play such an important role in organizational
effect iveness, researchers have developed strategies for reducing errors with
the expectatinn thit accuracy would be increased. One strategy is to design

,;pprai zil formats that help raters minimize their error. An example is the
:cVel opiu ntI (1' Chav ,raill 1%-,Anchored rat ing scales (BARS; Smiti and Kendall,
196 ), . hich c f ie each di mensi on in concrete, behavioraI terms and provide
examples of actual job behaviors as anchors on the rating scale. Another

i.rategv Ls Lo train raters to reduce rating errors by changing their rating

distributions (i.e. spreading ratings out) so that raters differentiated more

'14
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between performance dimensions for each ratee and within dimension!; across
ratees (e.g., Borman, 1975, 1979; Latham, Wexley, and Purcell, 1975; Bernardin
and Pence, 1980). Basically, raters are taught about various rating errors
and then shown they could reduce their error by changing their rating

distributions to achiere greater differentiation. A third strategy was to
increase raters' observational skills (e.g., Bernardin and Walter, 1977).
Raters are instructed to keep notes (i.e. a diary) on ratees' performance
effectiveness during the appraisal period and later use this information in
subsequent appraisals. This strategy attempts to increase the amount of job-

related information utilized by ratets in appraisals. All three approaches
are aimed at increasing accuracy by reducing potential error.

Empirical studies of the success of each of these strategies suggest that

some improvement in the psychometric properties of ratings (i.e., rating error)
can be achieved without corresponding increases in rating accuracy (Borman,
1979; Dunnette and Borman, 1979; Landy and Farr, 1980). Why haven't these
strategies been successful? How could it be that there are instances in which
errors such as halo and leniency are reduced but the raters are not more
accurate? The lack of encouraging findings led researchers to take a closer

look at the rocess of performance rating. Could it be that raters do not use
BARS the way they were intended? Do they ignore the behavioral anchors and
consequently eliminate one of their major advantages? Is it possible that
raters cannot process all the information presented to them in BARS and thus,
simplify the forms, rendering them simple graphic rating scales? A desire

to answer these and similar questions led researchers to develop a new strategy,
that of analyzing the performance rati ig process to identify determinants of
rater accuracy and error. Researchers hope that a greater understanding of the
rating process will provide new insights into the underlying mechanisms of
accuracy.

Although many have called for an in-depth study of the rating process (e.g.,
Bernardin and Pence, 1980; Borman, 1979; Dunnette and Borman, 1979; Feldman,
1980), few researchers have act~ially undertaken such studies. A formidable
problem in "process" research is employing a measurement technique that accu-
rately reflects on-going processes. This is best accomplished by having

raters report their decision-making processes verbally or nonverbally as they
occur. Delay of measurement (of even a few minutes) is likely to cause distor-
tions in pcocesses reported because of memory decay and the tencency for deci-
sion makers to infer processes where gaps are found in memory (Ericsson and
Simon, 1980). Therefore, the greater delay between "process" and "process
measurement," the less useful these data are for identifying important under-
lying mechanisms. Unfortunately, the two techniques that have been used to
measure "process" suffer from distortion problems.

One technique, regression. analysis, involves the development of

regression equations which reflect the weight and thus, the importance of infor-

mation (cues) utilized in a decision. However, regression equations recover

only the functional relationships between cues and decisions; regression equa-
tions infer "process" from outcomes (decisions). However, they do not

purport to capture the actual process (Hoffman, 1960). Statistically, weights
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assigned to cne,; can be manipulated regardless of "process." For example,
cues carry more weight when they have greater variance. Also, weights are de-
tormined in part by their intercorrelat-ion with other cues. Thus, regression tech-
niques may not be capturi".g anything real (Dawes and Corrigan, 1974; Hoffman,
1960; Yntema and Torgerson, 1961).

'r'he other technique consists of decision-makers' verbalizations of the coatents
of their decision processes. Most "process" studies employing this technique
are based on reports given after decisions are made. In other words, reports
are retrospective and thus, suffer from distortion. Ericsson and Simon (1980)
argue that the time and type of verbalization car, have a strong influence on
the validity of verbal reports. As mentioned earlier, retrospective reports
have a smaller likelihood of reflecting the actual content of these processes.

SA new technique was developed by the author to overcome some of the limi- tc
rations of regression analysis and retrospective reporting (Banks, 3979). The tech-
nique, "Instantaneous Report of Judgments" or "IRJ," attempts to capture
racers' decision-making as it occurs. Raters are provided two recording
devices, a keyboard and a tape recorder, with which to report their judge-
ments. Specific details of the procedure and recording devices are giver,
below.

The IRJ Technique

viewRater judgments are "captured" during a performance rating task. Raters
view a videotape of a mana-ger performing in a job and rate the manager's
effectiveness, along one of several performance dimensions. For example,

raters would view a manager conferring with a subordinate and evaluate the
manager's effectiveness in "Establishing and Maintaining Rapport." Raters
are asked to report their judgments as they occur duriitg the videotape.

Whlenever they make a judgment about the manager's performance, they report
it by pressing one of seven keys on a keyboard indicating the effectiveness
level of the manager (I = low performance, 7 = high performance), and by
reporting into a nicrophone the basis for their judgment. Verbal reports
indicate what information (e.g., manager behaviors) the rater attended to
when a judgment was made.

Measurement of the rating process is made possible by linking Ehe re-

corded judgments to the behaviors of the ratee. Rater judgments are linked
to specific sequences of manager behavior by relating the time of each key
press to elapsed time on the videotape. This can be accomplished a few
ways. One can develop an equation which converts time of key press to a
comnt on the videotape (revolutions per minute), thereby pinpoiniing the
count in the videotape ac which a key was pressed. Another possibility
is to in.erface the keyboard (of a minicomputer system) with the video-
tape recorder whereby the minicomputer can read the exact frame number
at the point a key is pressed. Still another possioility is to have the miti-
computer read the time at which a key is pressed and to match the number to
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c. ,. ,ed in tho film. In all tire c,!qIste it t le or the key press
1 1 t e p') pl at whi(h a Judgment was actually m:a:de. (it may be

quite late . inl f.,,'.) Therefore, it i-; necessary to examine ratcrs' verbal

r.',orts to ":ro-in" on exactiy ..,Iiat information was utilized when a judg-

mlent was malie.

IRJ permits measurement of several aspects of the rating process:

1. NJ: Number of judgments made during each appraisal

2. SDJ: Variation in judgments made within each appraisal

3. SDJ: Variation in mean judgments across managers

4. AVCSD: Average variation in judgments across managers

5. JL: Latency before initial judgment of manager effectiveness is made

6. INFO: Information utilized during appraisal

Thus, fRJ mea.sur.s how much information raters utilize, what information they
uti ize in for,,iag o,rall ratings, the degree to which they utilize informa-

t-.on rellres-nting different leves of effectiveness, and the degree to which

raters judge m-anagers differentially.

Because of the way judgments are collected, IRJ offers several advantages

as a technique for measuring rating process:

1. Rtter;..e free to utilize an., information the. consider important

fI ...llLt. ,,1_11.: .,er performances. This allows raters to vary the number of

judc'.monts made and the type of information they consider relevant. Thus,

i dividit.ii differences in cue (informatin) selection can be measured.

With regression techniques, cues are selected by the experimenter.

2. ae.,'s._report lheir judgme l _as theyocCur. By allowing instanta-

he00us reports, (istortions due to memory effects iond inference

are minimized. Also, because of the type of reports requested from rate s,

it can be argued that raters do have access to the content of their thought

p'ovusses and thus, can give reports which provide meaningful information

about these processes (cf. Ericsson and Simon, 1980).
A

3. r mju e the re rformnance a pp ra ial task auton oi n ou 'v. Be-

cause of the ,i itire of the task, raters have full control over the reporting

1 r o C.,; t her fore. the e:-peri:,icnter is ,minimally involved. As a result,
factors such a4 experirenter bias ind demand rharacteri.stics which may

if I tolnce repot s a rt. a s snLt from titis pav.- ! ri gmi . Th.lcie factors ha ,e the

pot(nt iail for( Ihani' " rcpLtLs in situations where the experimerter probes

or (tItie hs the rater.
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i.tler Judtgments are I inked to the behaviors of he na. This
information helps paint a picture of what the rater actually rates during
an appraisal.. Only by analyzing the r:Ling process at such a microscopic
(behavioral) level can one begin to identify what raters do when they are
accurate and conversely when they make errors. One needs to collect infor-
marion at the behavioral level to solve the riddle of why changes in rating
formats and rater training have negligible impact on rater accuracy. Regression
techniques cannot provide this information because they analyze the ratingp process at a more general (dimenr'ional) level.

The success of this technique, however, depends on raters' access to
their thought processes and their ability to articulate these processes
(Nishett and Wilson, 1977). While articulation may still be a problem, it
has been shown that because of the nature of the paradigm, raters probably
do have access to their processes and can report them with less distortion.
In relation to previous attempts to study the rating process, IRJ seems
to hold the greatest promise for yielding important new information which
may lead eventually to the discovery of the determinants of rater accuracy.

Studies Using IRJ

To date, two sets of empirical studies of rating process have been
conducted. The first study was a preliminary investigation of various aspects
of the rating process. The purpose of this study was to describe various
rater behaviors during the appraisal process and to relate rating behaviors
to cognitive abilities. The second study was a replication and extention
of the first study. This time rating behaviors were .-elated to a variety
of input variables (variables which contribute to o tnderlie rating be-
havior, such as cognitive complexity and detail orientation). In addition,
rating behaviors were related to various outcome measures such as accuracy
and halo error. The purpose of this study was to identify the linkages be-
tween input, process, and outcome variables in performance appraisal. The
relationship between these three sets of variables are characterized in
Figure 1. The intent of this research is to determine what underlying traits
or experiences contribute to various rating behaviors and in turn, which
rating behaviors lead to accuracy. Preliminary findings are presented below.

Prelimigry Study of Rating Process

Three questions were investigated in this research:

(1) What information do raters use when they rate performance?

(2) What do the decision-making processes in performance appraisal look
like?

(3) What cognitive vaciables are these processes related to?

One hundred fifty-six raters viewed and rated six managers along one of six
performance dimensions. (A different dimension was rated per manager.) Raters
reported theiL judgments following the IRJ technique. In relation to the first
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question, it was found that raters tended to utilize different information
when they evaluated the same manager on the same dimension. That is, they
disagreed concerning what information Is relevant for evaluating the per-
formance of the same manager. Moreover, even when raters did use the same
information, they did not agree on the effectiveness level of the perfor-
mance displayed. Perhaps part of the reason for low interrater agree-
ment in ratings is due to raters attPnding to different information and
evaluating the effectiveness of manager behaviors differently. This sug-
gests that rater training may be more successful if raters are taught to
differentiate wore between relevant and irrelevant job behaviors and if they
adopt similar schemes for interpreting the effectiveness level of relevant
job behaviors.

Regarding the second question, several interesting patterns of rating
emerged. Large individual differences were found in the amount of infor-
mation utilized (judgment frequency), but raters tended to use about the
same amount across managers. That is, raters differ widely in how much
information they use, but this amount is consistent across rating situations.
Raters also tended to make judgments within a limited range of the scrle,
and the range became smaller with practice. This latter finding may indi-
cate that either raters become more discriminating with practice and there-
fore become better raters or they become more narrow-minded and more error-
prone. It would be important to determine, then, whether differentiation
moves in a more valid direction.

The third question yielded information about the role of cognitive com-
plexity in performance rating. It was found that cognitively complex raters
(ones who process information along many dimensions of meaning) tended to
discriminate more within and between managers than less complex raters.
Surprisingly, the amount of information utilized was not related to cognitive
complexity. Therefore, it seems that cognitive complexity serves a differen-
tiation f..nction in performance rating.

Because of the experimental design of this study, the relationship be-
tween rating behaviors and rating outcomes (e.g. accuracy) could not be de-
termined. A subsequent study permitted these relationships to be tested.

A Study o!f the Linkages Between Cognitive Abilities.,
~Rating Behaviors, and Rating Outcomes

Several revisions in experimental design allowed rating outcome scores
to be calculated for each rater. In this study, all raters viewed and rated
six managers across all performance dimensions. That is' each manager was
rated along each of six dimensions. To achieve this, raters attended six
(rather than one) rating sessi 'ons. Each session consisted of viewing and
rating each manager along one of the six dimensions, but a different dimen-
sion per manager. In each subsequent session, a manager was rated along a
dimension different from previous sessions such that by the sixth session,
each manager was rated along each of the six dimensions. Thi,- yielded 36
ratings per rater (6 managers x 6 dimensions) with which to determine accu-
racy and various error scores.
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At this time, 56 raters have completed all six sessions. The sample of1

56 consisted of three subsamples: 20 students, 12 managers, and 24 "expert"

managers. The rating behavior of subjects withi- each of these subsamples
will be compared. Student responses will be compared to manager responses to
determine the generalizability of findings using college students to those
using inexperienced managers. Also, "expert" managers will be compared to
the tuo other sqmples to determine whether experts exhibit differeit rating
behaviors than nonexperts. Basically, the purpose is to identify what experts
do during appraisal that makes them better raters. Whatever rating behaviors
distinguish between experts and the two other samples will then be examined
in terms of their relationship to accuracy. It is expected that experts'
rating behaviors should be related to accuracy and inversely related to
rating error.

Analyses of these relationships are currently underway. A brief look at
these data suggest that many of the previous findings mentioned earlier in this

i. paper were replicated. It is believed that these analyses will generate new
information about the underlying structure of the rating process which may
lead to insight into the problem of increasing rater accuracy.

Summary

The need or analyzing the rating process at a microscopic level is clear.
The IRJ technique seems to hold great promise for measuring several aspects
of the rating process validity. New findings regarding the ral.ing process
derived from studies using IRJ have demonstrated the efficacy of the process
approach to studying performance appraisal and the usefulness of this tech-
nique. Future research along these lines will undoubtedly forward the
current "state of the art."

iExpert makiagers were identified through extensive interviews with
the author and her staff. Managers were considered expert if they had con-
ducted appraisals for a number of years, evaluated several employees, were
aware of common pitfalls in performance ratings and who consequently took
action to overcome these pitfalls in their own appraisals. Basically those
managers who had extensive rating experience and demonstrated "textbook" know-
ledge of performance appraisal techniques and issues were considered expert.
Managers who did not fit this description were included in the unselected
manager sample.

~1 BAN-7
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jBEST, Paul; McFann, Gray and Associates, Inc., Monterey, California.

A MULTI-ATTRIBUTE UTILITY MEASUREMENT APPROACH TO ORGANIZATIONAL
EVALUATION (Thu P.M.)

An evaluation methodology was developed for analyzing the
performance of military units employing various experimental
management structures.

Evaluation dimensions were established by interviewing
commanders and by reviewing Army inspection procedures. A
multi-attribute utility measurement approach was described by

Edwards, Guttentag and Snapper (1975) was then used to have
commanders establish the relative importance of the evaluation
dimensions. Next, urit performance on each dimension was rated by
the commanders and others in the command hierarchy. Performance

ratings and importance weights were then used to establish overall
junit performance scores and unit profiles.

The unit profiles were organized to reflect unit performance on
each of 18 dimensions covering four areas: training, personnel,
management and job performance. The performance scores provide an

overall unit performance index which can be used for gross
comparisons among units.

The benefits of this organizational evaluation technique for

research use and management information will be covered. Future
development and applications of the techniques will be dLscussed.

i I I
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A MIULTI-ATTRIBUTE UTILITY MEASUREMENT APPROACH TO

ORGANIZATIONAL EVALUATIONI, !Paul R. Best, Ph.D. Nancy A. Euske, J.T. Harden

and Howard T. TokunagaI I McFann.Gray & Associates, Inc.

2100 Garden Road, Suite J

Monterey, CA 93940

and
Jack Hitller, Ph.D.

U.S. Army Research Institute for the Behavioral
and Social Sciences

Presidio of Monterey Field Unit
P.O. Box 5787

Presidio of Monterey, CA 93940

INTRODUCTION

F The long range goal of a major Army Research Institute project is to
design operational management systems which will enable infantry commanders
to reduce the time spent perf3rming garrison/administrative tasks, thereby
increasing the time available for readiness training. This project entails
several coordinated research efforts from which new management approaches
will be developed and evaluated. First, the missions and activities re-
quired of infantry coopanies by regulation and standard operating proce-
dures (SOPs) were catalogued (Giesler, Harden, Best and Elliott. 1979.
Second, this compendium of required missions and activities was used to
develop questionnaires, structured interviews and observation guides which
provided documentation of the actual missions and tasks performed by
commanders and other key personnel. A discussion of these missions and
activities is presented in McCluskey, Scott, Tokunaga, Giesler, and
Whitmarsh, 1980).

This paper describes the development of a methodology which will con-
tribute to the evaluation of the performance nf units employing the experi-
mental management systems. The evaluation methodology and procedures are
presented along with actual examples from Army unit administration. In
addition, future developments and application of the methodology are
discussed.

EVALUATION ISSUES

Two key issues must be resolved before the most appropriate evalua-
tion approach can be selected. .These issues are:

1) evaluation focus--should the evaluation focus on the organiza-
tional output and its relationship to organizational goals, or
should it focus on the organizational processes and their
relationship to goals and performance?

BE-i
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2) effectiveness dimension--once the focus is selected what are
the dimensions (i.e. performance areas, outputs, goals etc.)
on which the organization should be evaluated?

Evaluation Focus

Organizations can be evaluated using their own goals as evaluation

standards and comparing performance to the goals. Various organizational
theorists, Cyert and March (1963), Etzioni (1964), Proce (1972), Simon
(1964), and Steers (1977) have advocated this goal approach to studying
organizational effectiveness. Examples in Army units include comparison
of re-enlistment rates to unit re-enlistment goals and performance on readi-
ness tests. Alternatively, organizations can be evaluated by determining

if their activities and procedures (i.e., implementdtion processes)
are in agreement with formally stated rules. This process orientation
also has its supporters including, among others, Beckhard (1969), Likert
(1961), and Taylor and Bowers (1972).

The organizational system under study and the research project itself
demand that, as a minimum, the goal approach be used as part of the evalua-
tion methodclogy. Military leaders determine the goals for which unit
commanders are held responsible and an evaluation system must take these
goals into account. Process evaluation does provide information on the
mechanisms used by the organization to reach its goals, however, it does
not specify the extent to which the goals are actually accomplished, and

is, therefore, by itself inadequate. In addition, the goal approach is
necessary to accomplish two important research objectives: 1) determina-
tion of the amount of time saved in the conduct of garrison,/administrative
tasks due to the experimental management systems (and any concomitant
increase in titme devoted to training); and 2) changes in overall organiza-
tional effectiveness as a result of the experimental management systems.
Process evaluation will also be ircluded as a part of the research project,

but will not be addressed in this paper.

In their discussion of the goal oriented approach, Yuchtman and
SSeashore (1967) distinguish between prescribed and derived (or functional)

goals. In the prescribed goal approach, the organization is evaluated by
comparing performance with the organization's stated goals. The main
problem with this approach is that various components of the organization

are often not aware of the organizational goals or the work in a give(n
unit is not directly related to attaining these goals. In the derived

goal approach, the goal(s) is determined empirically within the organiza-
tion and evaluation consists of measuring the level of goal attainment.

Since military commanders have some autonomy in accomplishing their mission
it is important to look at both the prescribed and derived g6als. These

goals may be the same for all units within a single large organization
(e.g., Army Combat Brigade), but may receive different emphasis at different

levels of command.

Effectiveness Dimensions

The selection of the effectiveness dimensions is based on several con-

siderations: importance of each dimension to the evaluatior of research

BE-2



objectives, importance and credibility of each dimension to research
leaders, and the ability to derive valid measures for each dimension.
In addition, available project resources constrain the number and

4types of dimensions selected. The importance and credibility of the dimen-
sions to military leaders is a primary focus of this paper. Inclusion of
a controversial dimension or the exclusion of a commonly accepted dimen-
sion, however inappropriate, could damage the credibility of the research
results. Credibility of the research results is very important to the
eventual acceptance of any successful management approaches developed and
tested during the project. These considerations led us to determine from
a sample of military leaders all of the commonly used evaluation dimensions
and to allow for the insertion of additional dimensions as they surface.

MULTI-ATTRIBUTE UTILITY METHODOLOGY

The plan for evaluating the experimental management systems is de-
signed to provide decision makers with information as to what each system
accomplishes and at what cost. Since the priorities and values of decision-
makers as well as military leaders vary markedly, it is necessary to provide
data which are comprehensive and can be presented and used in a flexible
manner to meet the needs of such leaders. The multi-attribute utility
approach to evaluation research (Edwards, Guttentag and Snapper, 1975)
specifically provides a method to incorporate value judgments by the leaders
or policy-makers in the evaluation process. The first step in the approach
is to discover the important evaluation dimensions (goals) from the leaders.
Next, judgments are made by them to determine the relative importance of
each dimension by assigning weights. Then, unit performance is estimated
(i.e., measured) on each dimension. Finally, the relative importance weights
and performance indicators are combined in a weighted linear model. The
result is an overall performanc evaluation score. Where it has been de -
ermined empirically that individual leaders or echelons of leadership signi-
ficantly differ in the key dimensions they select or in the the importance
they attach to the dimensions, then individually tailored linear models
may be employed.

The use of military commanders and staff officers to determine the
importance of evaluation dimensions is key to the success of this research
project. On-going research and development projects notwithstanding,
training and subsidiary task accomplishment are still based on judgments by
commanders who have years of experience observing military unit operations,
management, and training. The Army, indeed the military system, is designed
to obtain maximum benefit from this experience base. Officers command
platoons, then companies, serve on battalion staff, and then command
battalions and so on, at each step gaining insight into what approaches work
and do not work to enable units to accomplish all assigned missions and
tasks effectively.

_ _ _ PROCEDURES

Selection of Dimensions

The initial set of evaluation dimensions was established by interview-
ing battalion and company commanders, personnel officers and operations
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officers from infantry and artillery units of an Army Infantry division.
These interviews were conducted to determine dimensions of unit effect.,ve-

ness. Eighteen dimensions were identified, and then organized into four

categories: training, personnel, management of equipment and facilities,
and job performance/management. The individual dimensions are listed in
Figure 1.

Dimension Weights

Each of the 18 dimension names was placed on an individual card. The
deck of 18 cards was then sorted by the respondents into their perceived
rank order of importance. Once the cards were in order, the respondent was
asked to weight each dimension by arbitrarily assigning a "10" to the lowest

ranking dimension and assigning higher values to higher ranked dimensions
so they would bear a ratio relationship to each other. For example a dimension
receiving a "20" would be subjectively twice as important as the lowest
dimension. Tied scores were allowed. The dimension weights were rescaled

to establish comparable values across respondents. Each assigned dimension
score was divided by the total of the assigned scores resulting in a 0-100
point scale for each dimension. (This method is described by Edwards et al.,
1975).

Performance Ratings

A scale was placed on the back of each card for rating unit performance

on the dimension named on the front of the card. The scale ranged from 0

to 1,000, where 0 represented the worst unit performance imaginable by the
respondent and 1,000 represented an ideal but attainable level of perfor-

mance. The mid-score of 500 represented average performance as witnessed
during the respondent's Army experience.

Unit Performance Score

The combined dimension weights and performance ratings allow the

derivation of a performance score for each unit. The performance score is

the sum of the product of each dimension weight and associated dimension
performance rating.

EXAMPLES

The results of applying the evaluation methodology in one battalion

are presented in this section. The evaluation procedures were used in

nine battalions, however, the results of one are sufficient for describing

the methodology. The officers who participated in this exercise expressed

no difficulty in rank ordering the cards or assigning the relative weights.

In fact, many of them found the procedure intriguing. The dimension im-

portance weights for this battalion are shown in Table 1. These

weights illustrate some differences among the respondents. For example,

several of the officers rated "performance of physical readiness training"

as the most important dimension while the battalion commander rated it

lower in overall importance. Also, "individual training" received a lower

inportance rating from several of the officers than from the battalion

com-mander.
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Once the respondents ordered and weighted the dimensions, they rated unit
Prerfrmance on each dimension on the back of each card. The battalion
co-=.ander and staff officers rated each company's performance. Company
commanders rated only their own company's performance. A sample of per-
for:nance ratings produced by a battalion commander and a company commander
rating the same company is illustrated in Figure 2.

The performance ratings are purely subjective evaluations of the
company on each dimension. However, future development of this methodology
will include use of objective measures where they exist. For example,
actual A4OL and re-enlistment rates and SQT results can be obtained and
included in the evaluation results. Some dimensions such as ARTEP and IG

performance levels, while less objective, can perhaps be related to actual

results. On the other hand, some dimensions which are routinely evaluated
are subjective by nature and will remain so.

The dimension weights and performance ratings for each respondent
were combined into an overall unit performance score. Each performance
rating was multiplied by its dimension weight and the resulting products
were then summed. The set of scores for the sample battalion officers is
shown in Table 2. This set of results shows that the combat support company
(CSC) received the highest total performance score based on all individual
ratings. However, examination of the individual dimension performance ratings
is necessary to determine how this company achieved its high total score.

DISCUSSION

The multi-attribute utility evaluation methodology provides the
capability of evaluating organizations from several perspectives. Deci-
sion makers come from different organizational components and necessarily
represent different viewpoints. The multi-attribute utility approach can

take each perspective into account.

An additional advantage of this approach is that assigned weights
and rank orders among the dimensions produced by members of an organiza-
tional unit may also be used to provide a measure of communication effec-
tiveness within the unit. During the conduct of this effort company
commanders expressed, in addition to their own priorities, their perceptions
of the battalion commanders' priorities. The comparison of the "expected"

battalion commanders priorities with his actual priorities served as a very 7

useful exercise in unit communication. Organizational functioning can

usually be improved when everyone understands the supervisor's priorities.

The supervisor cani also dramatically influence organizational behavior by
clearly communicating priorities in terms of goals.

Multi-attribute utility evaluation methodology appears t6 be extremely

promising not only for our project research needs, but also for internal

organizational diagnosis and management information.
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TRAINING

* ARTEP performance

* Collective training
* SQT performance

* Individual Training

* Performance of Physical Readiness Training (PRT)

PERSONNEL

e Unfavorable personnel actions (Article 15s, administrative

discharges)

* Appearance of personnel

* Personnel utilization (assignments)

g AWOL rates

. Re-enlistment rates

MANAGEMENT OF EQUIPMENT AND FACILITIES

* Maintenance

* Security of weapons and documents

* Appearance of unit area

* Supply management

* Result of IG

JOB PERFORMANCE/MANAGEMENT

9 Communication (administrative through chain of command)

o Execution of SOPs

e Accomplishment of assigned tasks

FIGURE 1. Evaluation Dimensions Selected

iS
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F EVALUATJON DIMENSIONS STAFF OFFICERS COMPANY COMMANDERS'CMDR

ASSiGNED TASKS 10 3 4 1 8 5 4 1 15 6

SECURITY 10 6 2 3 2 2 10 22 1 11'

INDIVIDUAL TRAINING 9 2 8 7 4 1 6 1 0 4 1
RE-ENLISTMENT RATE 9 13 28 10 14 11 4 3 7 6

MAINTENANCE 8 5 11 8 3 6 6 12 3 11

PERFORMANCE PRT* 7 23 4 10 14 19 15 13 33 6

COMMUNICATION 6 3 2 2 2 2 1 1 1 1

APPEARANCE OF UNIT AREA 6 8 2 9 10 16 10 8 6 11

'APPEARANCE OF PERSONNEL 6 7 2 9 9 13 6 4 4 5

SQT PERFORMANCE 6 3 3 7 3 1 5 1 0 4

EXECUTION OF SOP's 5 1 1 1 1 1 1 1 0 1

RESULT OF IG 4 11 8 4 9 8 10 11 21 11COLLECTIVE TRAINING 3 2 3 7 5 1 5 1 0 4

ARTEP PERFORMANCE 3 8 4 9 1 9 1 1 2

AWOL RATE 2 3 1 10 6 5 1 2 4 4

V SUPPLY MANAGEMENT 2 4 17 5 2 3 5 16 2 11

PERSONNEL UTILIZATION 2 2 2 2 1 1 1 1 1 1

UNFAVORABLE PERSONNEL 2 3 1 4 6 4 1 1 1 1

100 100 100 100 100 100 100 100 100 100

* Physical Readiness Training

TABLE 1: Dimension Importance Weights for a Sample Battalion.
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H HHC AGCO. B CO. COCS

IBN COMMANDER 446 481 512 469 641

XO 494 600 706 664 909

S-1 487 523 531 446 600

S-3 384 468 476 480 575

S-4 359 407 436 389 477

CO COMMANDER 729 689 614 589 839

TABLE 2: Performance Scores
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Tne Marine Corps Job Satisfaction Program

introduction

One aspect of the Occupational Analysis Program conducted by
Headquarters United States Marine Corps is a Job Satisfaction
burvey. The survey normally is administered in person to Marines
of all grades within the given study sample (occupational field or
groups of related military occupational specialties).

Anonymous incumbent responses are collected and survey results
are tabulated and analyzed. A master tape file of job satisfaction
results for the Marine Corps population surveyed to date allows for
benchmark comparisons on a sample by sample basis. Perceptions of
work problems are identified, graphically presented, and
addressed. A number of implementing concepts (action steps) are
then related to the problem areas identified, providing a useful
and well received set of management tools which can produce marked
improvements in desired work outcomes.

The Theory Explained

Some explanation of the theory behind the survey is necessary
to understand the analysis methodology. A number of central theory
issues are addressod through utilization of a 77 question survey
which is "mapped down" into 24 "combined factors". Survey
responses range on a seven point scale with specific survey
questions "Keyed" to the 24 combined factors. For example, the
average iating for the factor Task Identity is an average of the
ratings ror the followiny:

1. To what extent does your job-involve doing a "whole" or
"complete" piece of work?

2. The job is arranged so that I do not have the chance to do
an entire piece of work from beginning to end (reverse score).

3. The 3ob provides me the chance to completely finish the
pieces of work I begin.

Resiionse avezages fox all survey questions and for the combined
factors are then tabulated for the entire sample and for each grade
in tne sample.

Figure 1 reflects the theory, which has been extensively
validated.

BOD-I
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As figure 1 illustrates, three critical psychological factors
must oc present if high personal and work outcomes are to be
attained.

I. The work/effort itiust be meaningful to the individual.
2. Individuals must clearly De held responsible for their

WOrK •

3. Knowledge of results must be available to the individuals
pertorming the work. It is best if this knowledge comes directly
from the worK itself rather than through pats on the back or paper
reports.

Since the psychological states are a combination of emotions,
feelings, and thoughts, they are extremely difficult to measure.
There are in every job, however, certain core joo dimensions which
relate to the psychological states, and these can be accurately
measured. For example, three of these relate to "meaningful work"
(Figure 1):

I. Skill Variety - Pertorming activities that cha~lenge skills
and abilities; reduce monotony; enhance job appeal.

2. Task £dentity - Arranging work into whole "m odules" with an
identifiable beginning and end, and a visible outcome.

3. Task Significance - Degree to which work has an important
impact on the lives of individuals, other people, the unit, and the
mission.

BOD-2
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It is apparent that the greater the deqree to which these factors
present themselves to the worker, the more meaningful the work.

The other two core job dimensions are Autonomy, the amount of
personal freedom and discretion given to individuals in scheduling
and carrying out work; and then Feedback, the information received
about the effectiveness of the individual work effort.

In sum, the five measurable core dimensions promote the psycho-
logical states, in turn producing desired work outcomes. The five
core dimensions relate to the job as a single summary index called
the Motivating Potential Score (MPS) of the job (Figure 2).

OVERALL MOTIVATION POTENTIAL SCORE (MPS)

MPS. [.SKILL VARIETY + TASK IDENTITY + TASK SIGNIFICANCE] X AUTONOMY X FEEDBACK

3

Figure 2

The MPS value allows for a macro look at the job. Specific
strong and weak areas can later be identified through additional
analysis steps. The MPS simply reflects how motivated the group
is. It is particularly useful to make comparisons of the MPS of
tlhe given sample with the MPS of the Marine Corps population sur-
veyed to date.

A tinal factor called Growth tqeed Strength (GNS) answers the
question "Is the theory equally applicable to all?"

The GNb measure is an average of the ratings for the following
survey items:

1. Sti.mulating and challenging work.
2. Chances to exercise independent thought and action in my

job.
3. Opportunities to learn new things from my work.
4. Opportunities to be creative and imaginative in my work.
5. Opportunities for personal growth and development in my

job.
6. A sense of worthwhile accomplishment in my work.

It allows managers to prioritize groups in terms of which they
really desire to grow on the job and which are relatively happy
where they are. Time, money, and other resources can then be put
into enrichment efforts for those groups desiring further growth.

Theory To Practice

In employing the theory we identify what aspects of the job
need attention, and then provide some implementing concepts aimed
at improving problem areas.

BOD-3
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7 qiestion :urvey quayes the following:

1. i. cUrr, L luvels of General Satisfaction, Internal Work
Motiv aLion, and p1L,)rmance ot job incumbents.

2. T' e otivating potential (M,4PS) of the job, the score on
each core dinension, plus additional environmental and motivational
,.S3,OCLS Ot Lne JoD.

3. The level oi Growth Need Strength (GNS).

The analysis actually revolves around four sequential questions
which retlect strengths and weaknesses of the job as perceived by
job incumbents.

I. Ace niotivation and satisfaction central to the problem?
2. is the job low in motivating potential? Compare the sample

MPS with established norms.
3. waULt specific aspects, if any, are causing some difficulty

or concern? A plot of the mean scores for the core dimensions is
Lse'ul Iher2 (Figure 3).

HIgh 7 JO D A3

6 320 -

2805 1

Modefote 4 200
JOB 8 160L
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40 L

4. How ready for change are the Marines involved? Compare the
sa:mple GNS to established norms.

Once the questions are answered, some implementing concepts are
recom:nended, if needed, (3r improving specific core job
dimensions. Figure 4 reflects the relationships between the core
dimensions and their associated implemlenting concepts, each of
whicii is briefly described.
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The Pull Yodel: How Use of tr Implerenting Concept3 Can Iead to Positive nutcomer

1. Coinbine Tasks. rhis increases Skill Variety, Task
Identity, and el--iminates fractionalizing jobs. Enlarging the worc
moddle or forming teams may be useful.

2. Form Natural Work Units. This gives incumbents a feeling
o "ownership". Organize the work into meaningful modules,
clust- rlng tasks so a person can feel responsible for an identifi-
able body of work. This increases Task Identity and Task Signifi-
caciCE.

3. Establish a Client Pelationship With a Customer. When
incumb ents nave a sense of personal responsibiiity for managing a
customer relationship, Feedback, Skill Variety, and certainly
Autonomy will increase.

4. Vertical Loading. This, in short, is pulling down
responsibilities from above, pushing some down to lower echelon!;,
and incorporating some pre and post planning activities (Figure
5). Vertical loading increases Autonomy.

%-1
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as possible in terms of time and place.

A Review of Job Satisfaction Survey Results For The Marine Corp
Population Surveyed To Date

We will review the Marine Corps job satisfaction effort by
looking at results for over 12,000 incumbents surveyed to date. We
can accomplish this on a macro basis by going through the four step
analysis methodology. This is the procedure normally utilized in
analyzing each study sample. Additionally, in analyzinq each study
sample the population surveyed to date (from the master tape file)
is considered the established norm for comparisons, and a more in
depth analysis is made by reviewing the actual survey responses
associated with the 24 combined factors for the sample and across
the grades in the sample.

The following are the combined factor averages for the Marine
Corps population surveyed to date:

Combined Factors
Factor Population Average

1. Skill Variety 3.95
2. Task Identity 4.63

3. Task Significance 5.35
4. Autonomy 4.47
5. s eedacK From job Itself 4.71
6. Feedback From Agents 3.98
7. Dealing With Others 5.43
8. General Satisfaction 4.25
9. Internal Work Motivation 5.36

BOD-6
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Factor Population Average

10. Admin Policies, Rules, Regulations 3.95
11. Supervision 4.34
12. Interpersonal Relations 5.02
13. Working Conditions 3.58
14. balary 3.28
15. Status 4.06
16. Security 4.32
17. Achievement 4.53
18. Recognition For Achievement 4.40
19. Work Itself 4.66
20. Responsibility 5.27
21. Advancement 4.59
22. Growth 4.31
23. Individual Growth Need Strength 5.61
24. Motivating Potential Score 97.93

Let us now go through the four step analysis by looking at the
population in general.1

Step 1. Are motivation and satisfaction a problem? Factors 8
through 22 reflect responses to this question. Factors 8 and 9
will be described later. Factors 10 through 22 are normally

plotted for the given study sample as a whole and by grade for the
sample. They are plotted for the population surveyed to date in
Figure 6:

Population Dissatisfaction/Satisfaction
Profile

-3 -2 -1 +1 +2 +3
Factor --- '-4 1 ---

10. Admin Policies, Rules Regulations
11. Supervision

12. Interpersonal Relations
13. working Conditions
14. Salary
15. Status
16. Security
17. A ~ev' n

18. Recognition For Achievement
19. Work Itself
20. Responsibility
21. Aavancement
22. Growth f

Figure 6

Factors 8 and 9 are indicators of an overall perception of the
workplace as viewed by Marines and an indication of their desire to
be high producers in their work. Factors 10 through 16 are
environnental factors, i.e. issues external to the actual work.
Factors 17 through.22 are job related. They are therefore moti-
vational in nature.
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Gener'al Satisfaction (Factor 8) and Internal WOLk Motivation

(.actor 9) are above the 4.0 median for the population, and the

p1oLS indicate that Admit Policies, Rules, Regulations (Factor 10),

WorKIi, Conditions (Factor 13), and Salary (Factor 14) are below
the 4.0 median for the population. Normally, sample averages for
the environmental and job related factors are compared with the

population norm. The population itself appears to be reasonably
motivated though expuessinn slight concern over the three

environinentaL factors noted previously.

Step 2. Is the job itself a proolem? Here the MPS for the

given sample is examined and compared against the population MPS.

The population MPS to date is 97.93, and normally remains close to

100. The average MPS across nuiaercus uLcupations surveyed by

11acKmdn and Oldham (1974) was found to be 125.

Step 3. What aspects of the work, if any, are causing the

difficulty? Here it is useful to plot the core dimensions for the
sample as a whole and for each grade in the sample. These are also
compared to the population core dimensions. The population core

dimensions are plotted as follows (Figure 7):

Population Core Job Dimensions

7-

6-

3
2-

1-
2-

0-

SV TI 'CS A FB

Core Dimensions

Figure 7

Figure 7 indicates that Skill Variety is only slightly below
the 4.0 median and all other core dimensions are above 4.0. This

may indicate some slight concern with SKill Variety.

St) 4. How ready are personnel for change? The Growth Need

Stren-jth measure (Factor 23) answers this question. It allows

,nanager3 to set priorities in terms of which groups within the

given study sample would respond most favorably to a job enrichment

eftort. Since groups with higher GNS scores would be expected to

respond more favorably to a job enrichment program, managers can
"Key in" on tiese jroups with their available resources.

POD-8
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The po.,uLatior CNS of 5.61 is fairly high on the seven point
scale, and indicates that the incumbents ir. general desire further
growth. Normkally, the sampie GNS is compared with tne population
norm.

Summary

The Job Satistaction Survey provides a valuable instrument for
taking a "tnermoineter reading" of incumbent perceptions about theirI] jobs. A simple analysis methodology provides a vehicle for

addressing ]ob related and environmental problems, and the
implementing concepts provide a set of "management tools" for job

improvement.

While tnere is some fluctuation from study to study in terms of
the various problem areas identified, data from the Marine Corps
population surveyed to date provide a useful norm for comparison,
and indicate that Marine Corps incumbents on the whole are a fairly
iiotivAted group desiring further growth and achievement on the job.

Additional endeavors in the area of job satisfaction will
certainly be a vital part of the overall occupational analysis
effort of deadquarters Marine Corps. While actual feedback from
the commands themselves in terms of the viability of the program
has been somewhat limited, this is not discouraging since routine
reporting of job satisfaction results to the field has been ongoing
only tor about a year. In that sense the effort is still in its
early stages, though extensive research prior to that time was
conducted to formulate a Marine Corps position on job satisfaction.

Joo Satisfaction Theory has been introduced to some extent
through the leadership training offered with the professional
schooling of Marine officers such as the Amphibious Warfare School
at Quantico. In addition, the future job satisfaction effort wil-
be expanded in terms ot additional correlations of demographic
information of study samples dith the actual job satisfaction data,
and in taking new approaches toward the subject to better meet
needs in the field. One such effort is a job satisfaction survey
of a cross section of women Mar.ines which is presently being
conducted. Results of that survey should be available in the near

In short, job satisfaction research in the Marine Corps, as
with the oti,'r services, will continue. In an era of decreasing
personnel with increasing requirements for technical skills in the
military it is imperative that perceived incumbent needs in tIhe
workplace be met as much as possible. Though job satisfaction will
not of itself totally solve the attrition problem it certainly is a
step in the right direction.

These categories are the same as those employed by Dr. Frederick
Herzberg in his Motivaltion-Hygiene Theory. The categories are used
for convenience only. Information derived for this analysis did not
employ the standard Herzberg Critical Incident Technique and direct
interviews essential to M-11 Theory.

BOD- 9



w co v N N m
0 LA 4 r"0 0 w 00 0 OD

SLfA

rH '4 -4 H- -4 H -I

U)3
Z E- U)~

0 L ~0

>4 -4 C0 44- 0) 3: H.- a~ 4. -rq (14 ) 0 4) 4
4 u) E-4

N DC:> 4.). u W4 a 1 .

01 4 (a >1 a)

a) 0. i40 j t) .. G r**- .- .21O 4 (n n
0 r) -4 C) 4 .40 UC wC Un) )

U 4 W 44 r 44 ~ WC- o 5z4 *

a) 4), Q 0 N H 0 -4C 44 .4- 0
H 0~ a) C 04 4 C 4> U) 4. 0 ' 4J 0
04-4'0 0 ) -4  >1 -4'U '-C

0 o :5 .E CU 4-4) 0 C l *-4.a' CC 0 'UE%4 E- n 0'. W) 0 4 ) 04) (a M C I 4)4. 0-., r-
Of $ >d4 0 $40 a ) 4J 0 f.'U C * E04 a )U'. w 4. -4r 0 $l4 ( P) -C

w a 0 r_~ 4J'C c~ HO :s U . m
0 1-4 tp. X 4)3 4(4 ) -a Va 1U -4. 4j4 >- to

E- M0 .,A C (14-- 040a ) 0 04) CCC nU C 3 0)4
r. '-43 (a~Ur z ZC~Z 3: -4 >~ ~ -CU 0 41

*H E-i 0 ) ('8, J - )4
0 X, > W 14 1 a 0r

0 (a (13 WD TD (*X -

~ 'U ' 4 U 4U 0 U u 'U0' ' U C
at (di '0 m 4)5- as- Ha :3 .' ' U l

B OD- 10

ww'w 7"-A6:@ 1A1



BOHRER, Arnold, Belgian Armed Forces Psychological Research Section,
Brussels, Belgium.

SOCIAL ANXIETY, SELF-CONFIDENCE AND MILITARY APTITUDE (Thu P.M.)

All officer candidates receive at the end of each academic year
of the Koninklijke Militaire School (Royal Military School) a
military aptitude score, an estimate of a cadet's future officer's
performance. This score has three components (1) a technical score,
based on achievement in a number of military courses, (2) a physical
score, based on sport-achievement, and, (3) a personality or moral
score, based on evaluations made by traine-rs and staff members.
Earlier efforts to improve the quality of the officer's selection
were concentrated on personality differences between successful and
not-successful reserve-officers. It was found that the selectior
team judged more self-confident and less social anxious aspirants
more able to become good reserve-officers. The same differences
appeared between successful and not successful reserve-officers. A
cross-validation confirmed these findings. The two scales,
Self-Confidence and Social Anxiety, constructed during this
research, were applied to applicants of the Royal Military School.
It was found that

(i) self-confident subjects obtain better selection scores and
better Military aptitude scores than less-confident applicants,

(2) social anxiety is correlated with selection scores. it's
effects on the students academic achievement depend on his

ability level. Itr effects on attrition from the School are
related to the kind of studies followed,

(3) cadets, who state that they perform better when they have light
feelings of tension (facilitating anxiety) tend to achieve
better military aptitude scores than cadets who answer in the
opposite way.

* Much of the information in this paper was previously reported
during the 15th International Conference on applied Military

Psychology, May 79.
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Tn many t-dlitary leadership :uides it is stres;ea th.it i leader has to be
co-petent in interpersonal skills, and ha:s to behive in a self-confident
way. Social anxiety inhibits the .evelopment o(" these qualities. 'Un im-
portant aspect of social anxiety is they fact that the .nxious person is
'Ifraid of negitive appraisal by others, especially what his interpersonal
skills and his physical appearanue concern (ilillems, 1973). At social an-
xious person will encounter great difficulties when he has to function as
a leader. Officers have to take decisions in social situations, which im-
ply social pressures from superiors, colleagues and subordinates.
The quality of their decis.Lons depends to a treat extend upon the way they
cope with those pressures. An officer with high social anxiety will tend
to show a non-adiaptive leadership-behavior pattern. It leads to nonasser-
tive or to aggressive behavior (Rathus, 1978). The present study has been
undertaken in order to demonstrate the relat-onship between successful
leadership and self-confidence and between unsuccessful military leader-

ship and social anxiety.

METHOD

General outline

Two independent judges (one Frenchspeaking, one Dutchspeaking) were asked
to select out of 151 items of a personality questionnaire all the items
which were related to social anxiety or to self-confidence. The judges did
this on the basis of bipolar definitions of both qualities (cfr infra).
Both judges agreed on 30 items as being possible questions for a social
anxiety scale (SA) and on 42 items for a self-confidence scale (SC).
The response difference be.-ween a group of successful reserve officers
and a group of unsuccessful reserve officers were analysed for all items.
Because only + 27' of the SA ard .5C items did discriminz.te between the
tw3 groups, two new scales dere constructed using only the .osl discrimi-
nating items. The validity of these new scales is studied for reserve offi-
cers and aspir;tnt regul-tr officers. The r(l-,tions of the two scales with
the academic-;,chievemcnt of the cadets -t the Royal I.,ilitary School are
defined, and finaly correl-ttions bet...n the two scales and other perso-
natlity inventories are calculated in order to determine their concurrent

validity.

BOH-I
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Definitions

Social anxiety

Feeling at ease in social situationa vs being anxious in social situa-
tions, or, enjoying to be with people, expressing himself freely, daring
to say no to exagerated demands, daring to make remarks when needed,
accepting a leadership-role, etc. vs, remaining in the background, being
afraid of striking up a conversation with co-workers, strangers or supe-
riors, being afraid of speaking before a group, fearing to be disapprou-
ved by others, being afraid of defending ones rights, avoiding asking

questions out of fear of being stupid, etc..

Self-confidence

A self-confident person has the feeling to be an independent, valuiable
person, who can go his own way and can confirm himself with resrect to
others. He feels to be equal to his tasks, accepts resonsab.' ty, be-
haves in an autonomous way, has a good self-image, dares to .-Ake some

V risks, controla his behavior, shows initiative, etc.. A pe:sun with
low self-confidence feels to be inferior, feels to be uncertain, depre-
ciates his own work, is quickly discouraged, is quickly urset, is un-
able to decide easily, does not understand his oin behavior, has little
self-control, lacks emotional stability, etc..

Successful military leadership

Since the study could only be directed to reserve officers (R.O.) and
to aspirant regular officers (Reg.0.), the definition of successful
military leadership is a very limited one. It is mainly based on the
evaluations of the officers selection board, on the results obtained
during the trainint; period (reserve officers) and on the judgements
of the staff of the Royal '1,ilitary School (aspirant regular officers).
The selection board tries to define the military leadership aptitude
(L. score) of each applicant during a two days lasting selection pro-
cedure. The judgement is mainly founded on the behavior of the appli-
cants during j leaderless group tasks (*). Each task takes 20 minutes.
Groups of 6, 7 or 8 applicants have to construct the framework of a
tent, to build a 3 m high double round arch, to draw up a model of
a little industrial city (model town test), to design the selling
space of a departmentstore (e-1ch member of the group being respon-
sable for a department), and, to establish a group rankorder of a
number of topics with regard to the importance they have in a civic
spirit enhancing education program (e.tch member having already made
up a personal rankorder). The behavior of the applicants is observed
by four welitrained regular officers. 'mach of the latter supervising
one of' the first four tasks, :and two of .tem the last one.

(9 The final L score correlaLes strongly with the leadr r'3l i  scort .
oused on the 5 group t;asks (7rench R.O. : r=. c , n=957; Dutch R.C.
r=.95, n=F73; French , r=.,01, n=,'13; Dutch eg.O. : r-.76,
n=251 )
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The reserve officers have to follow a military and leadership trtLining,
which lasts 5 months. At the end of this training they have to function
as an officer in a military unit.*The training outcome is" considered as
a sufficient evidence for their military leadership capacities.

The training period of the aspirant regular officers lasts 4-or 5
years. Success in the Royal Military School depends to a great extend
on the academic achievement of the cadets. Although, each year mili-
tary training is provided, the real professional training is only given
at the end of the total academic period. The military aptitude score,
calculated at the end of each year, is b4sed on three undistinguishable
matters : the results obtained in technical courses (mapreading, arma-
ment, etc.) and in physical education are combined with a judgement
about the moral and the leadership qualities.

Rn.SULTS

Social anxiety, self-confidence and success as a Reserve Officer (R.O.)
Two groups of applicant reserve officers (R.O.) were constituted in order

to analyse the response differences on 151 "Yes-No" items belonging to
a personality inventory, derived from the Cattell 16 Personality Factors.
This inventory is a part of the selection procedure. This analysis is
made twice, once for the Dutchspeaking R.O.'s and once for the French-
speaking R.O.'s. The first group contains successful R.O.'s, the second
group unsuccessfull ones, they failed to pass either the training or
the selection.
The absolute mean difference between these groups was for the French-

speaking R.(,.'s (F.R.O.) 6,87%, with a Standard Deviation (SD) of 5,48%,
and for the Dutchspeaking R.O.'s (D.R.O.) 7,12 , with a SD of 4,991.
An absolute difference of + 12 I, about I SD above the absolute mean
difference, was accepted ;s discriminating between the two groups.
The discriminating power of the 72 SA or SC items is shown in table I.

T;BRE I The discriminating power of the Social anxiety and the Self-con-
fidence items, selected out a personality inventor totalising
151 items

Amount of Dutch Reserve Officers French Reserve Officers
discrimination (n = 445) (n = 319)

03A SG Other Items SA SG Other Items

+~ +1 37) 12 11 3 12 2

SI SD 6 15 15 11 15 12

<.712 16 61 11 15 65

;' t. 30 ,. 7) 30 42 79 1
S0 1 F .36,4 ji 001
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Only 27 / of the SA items and 29 '7 of the SC items exceed the fixed dif-
ference ( X + I SD) for the F.R.O.'s.
For the D.R.O.'s these percentages are respectively 40 7 and 26 '.
These results seem not to support the hypothesis. But, as can be seen in
table I, 20 of the 22 discriminative items belong to'one of the two scales
what the F.R.O.'s concern and for the D.R.O.'s 23 items out of the 26.
These results made the construction of two well discriminating scales
possible : a SA scale with 22 items and a SC scale with 27 items for the
D.R.O.'s and 31 items for the F.R.O.'s.
In order to control the discriminative power of these two scales 4 groups

.of D- and F.R.O.'s were constituted:
the SHL group, based on R.O.'s who succeded (S) in their training and
who received a High (H) Military Leadership score (L) from the selec-
tion board,

the SML group, with R.O.'s who succeeded (S) in their training and who
received a Medium (M) L score,
the UML group, with R.O.'s who did not succed (U) in their training
and who received a Medium (vi) L score,

and finaly the LL group, with applicants who received a too Low (L)
L score to be admitted to the training.

This control was done twice, once for the population on which the scales
were constructed (P I)*, once on a new population (P )'.
A clear difference between the four subgroups was found for F 1, Dutch
and French R.O.'s, for the two scales (Table 2). Unfortunately the
comparison between the two 14L groups was obscurid by a difference in
the mean of the L scores in favor of the successful group. For the
cross-validation (Table 3) these two groups viere matched what the L
scores concern in order tc obtain two V groups with a same mean and
SD for the L scores.
Although, the cross-validation shows approximately the u<r=e results
as already obtained, it is obvious that the two scales aiscriminate
better between High and Low L groups than between the two S groups
and the UEL group (Table 3).
The close relationshil bet.,een the L scores and tLe 5A : nd "IC scores
appears clearly in table 4.

Composition of the two populations (P1 and P2), nur.ber of P.O.'s
in each subgroup

1Dutch 11.0. French R.C.

P1 Pi El F?

Sill, 124 :

S3kL 55 37 ;3
UIVL ! C o 6 ,

15F

Tfot
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TABLE 2. Social anxiety and self-confidence : means of four reserve officers

groups (n=50 in each subgroup, taken at random from the PI subgroups).

Subgroups P1 Social Anxiety Self-confidence
(22 items)

Dutch French Dutch French
(27 items) (31 items)

Successful, High 17.38 16.84 22.32 24.64
leadership

Successful, Medium 15-98 15.20 22.22 21-36

leadership

Unsuccessful, Medium

leadership 14.1 14.76 20.40 20.52

Low leadership (not

accepted applicants) 12.88 11.98 18.35 18.14

The SA scores are inversely calculated for, practical reasons; in

table 2 and 3 a high score means low social anxiety, a low score
high social anxiety.

TABLE 3. Social anxiety and Self-confidence : meass of four reserve officers

groups (Cross-validation).

Subgroups P2 Social Anxiety Self-confidence
(22 items)

Dutch French Dutch French
(27 items) (31 items)

Successful, High 17.57 16.30 22.57 23.20

Leadership (SHL) (n=30) (n=40) (n=30) (n=40)

Successful, Medium(* 15.45 15.50 20.75 22.00

Leadership (SML) (n=20) (n=20) (n=20) (n=20)

Unsuccessful, Medium 15.05 14.70 19.50 21.15

Leadership (UML) (,) (n=20) (n=20) (n=20) (n=20)

Low Leadership (DL) 13.03 13.00 19.00 19.00
(n=30) (n=40) (n=30) (n=40)

SHL vs LL; UML; 5.26;2.76; 5.00;2.12; 4.72;3.33; 4.20;1.95;
SML 1.93 n.s. 2.15 n.s.

t UL vs LL; UML 1.89;n.s. 3.36;n.s. 1.95;n.s. 2.70;n.s.

biL vs LL 1.79 1.79 n.s. 1.73
SHL+SNL vs UML _ 1.74 1.80 2.63 n.a.

(s) To compose these subgroups, leadership scores were matched in order to

obtain two identical subgroups concerning these scores (Dutchspeaking

XO-11.1; Frenchepeaking XIO.35).
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Table 4 Correlations (Spearman) between Leadership scores and Social
Anxiety and Self-confidence scores.

Dutch R.0. (P I) French R.O. (P I)
(n = 200) (n = 200)

SA SC SA SO

Leadership -.475 .426 -.527 .526
SA -.447 -.609

Dutch R.O. (P 2) French R.0. (P 2)(n = 130) (n=155)
SA SO' SA SO

Leadership -.402 .450 -.389 .328
SA -.483 -.610

All correlations are stat. significant at the 1% level.

Self-confidence, social anxiety and military aptitude of aspirant

Regular Officers (Reg.O_.1

The Reg.O. population differs in many aspects from the R.O. population.
The latter is more heterogeneous what age and education of the candida-
tes concern. About 65 % of the R.O.'s have a university or college deg-
ree, and about 35% a highschool degree. This latter part of the group
stopped studying. Almost all Reg.O.'s have a highschool degree and in-
tend to go on with collige education (Royal Military School).
The admittance of the R.O.'s is based on the L score only, these of
the Reg.O.'s on two scores, one is calculated on the rsults of an
examination in mathematics and in native language, the other is the
L score. The classification of the candidates is made upon the first.
For the second a cutting score is fixed. About 15%9of all candidates
fall below this score. (*)

As can be seen in table 5, the same relationship between L scores and
SA and SC scores exists in this population as in the R.O. population.

Table 5 Correlations (Spearman) between Leadership scores and Social
Anxiety and Self-confidence scores.

Dutch Reg.0. French Reg.0.
(n 381) (n 158)

SA SC SA SC

Leadership -.30 .28 -.36 .31

SA -.40 -.40

All correlations are significant at the 1 % level.

Before examining the relationship between the Military Aptitude score
(M.A. score) given at the end of the first year at the Royal Military
School and the SA and SC scores, the correlation between the two mili-

tary leadership evaluations (L score and N.A. score) needs some attention.
(*)Abstraction ;s made of the medical and physical admittance conditions

Bo01-6*



This correlation is statisticaly significznt for both cultural groups
but, is not so high : for the Dutch group r=.22 (n=363), for the French
group r=.34 (n=266). After correction for restriction of range and for
attenuation in the criterion only (MI.A. score) these r's become respec-
tively .33 and .48.(*)
On the other hand, considering the fact that both scores ire based on
completely different observations (cfr sulpra), and the fact that auring
the first year at the military school the leadership training is very

limited, these correlations can be considered as high.

The relations between the I.A. scores and the SA and SC scores seemed
promising (Table 6) and fir that reason the two scales were introduced
in the selection procedure. But, as can be seen .n table 6, the promi-
sing results could not be rcpeated the following years.

A second social anxiety scale, constructed by Willems (1973) (SA-W),
and used in order to determine the concurrent validity of the SA scale
did show about the same results as the SA scale (table 6).

The relations between the SA scale, the SC scale and the iilitary Apti-
tude score of the first training year remain unclear. The relations be-
tween the two scales and the leadership score hold as well for the R.O.'s
as for the Reg.O.'s. In conclusion it can be stated that the selection
team judges more self-confident and less social anxious candidates more
able to become good reserve or regular officers than less self-confident
and more social anxious ones.

Table 6 Correlations (Spearman) between Social Inxiety, Self-confidence
and Military aptitude.

Dutch Reg.O. French Reg.O.
SA SA-W SC SA SA-W SC

Military aptitude -. 10 .02 .16 -.20 -.28 .47A'
first year 1977 (n=97) (n=_59)
Military aptitude .14 .14 .07 .02 .11 -.09
first year 1978 (n= 100) (n= 65)
Military aptitude .07 .00 -.03 .00 -.02 .07
first year 1979 (n=121) (n=83)

xx significant at the I" level
x significant at the 55, level

(*) The reliability of the M.A. sccre is .70 (n=527), this is the correlation
between the M.A. scores of the first and the second training year.

The correlations for the R.O. population are for the D.R.O.'s, r=.32
(n=173); for the F.R.O.'s, r=.31 (n=125), not corrected coefficients.
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Intelligence, Anxiety ard academic achievew:ent

No significant corre)&tions are cbserved betwecn the '3A and 2C scale Ln
academic achievement. From what is known from the test-anxiety literature,

j anxiety has a different effect on performance for persons with d~ffering
intellectual endowments. The effect of anxiety depends on the stubject's

level of ability. For the superior students anxiety facilitates Lcademic

performance, while anxious students in the middle ranges of ability tend

to obtain lower grades than non anxious students of comparable ability.
Students of low ability tend to earn low grades irrespective of their
anxiety level (Gaudry § Spielberger, 1971; Sieber, 1977). This interaction

seems also to exist in this Reg.O. population. inalyses of variance do
show a significant interaction for SA by intelligence, for test-anxiety
(F-, see infra) by intelligence, but not for SA-W by intelligence (Reg.0.
1977). Such an interaction does not appear when M.A. scores are taken into
c(nsideration instead of academic performance. It's worthwhile to note that
there is no correlation between academic achievement and M.A. scores.

Does the SA scale measure about the same quality as the test-anxiety
scales? In the following paragraph a comparison will be made between
these two characteristics.

The concurrent validity of the SA and SC scale

A number of personality inventories were used to describe the concurrent
validity of the two scales (SA, SC). The social anxiety scale of Willems
(1973) (SA-W) confronts the subject with 24 different possible stressful
social situations and by means of a 5 point scale he can express the
amount of anxiety provoked by each situation. A personality questionnaire

of H. Hermans (1970), including Test-anxiety or Fear of failure (F-),
Facilitating anxiety (F+) and Achievement motivation (P). The test-anxiety
scale measures to what degree a test-like situation arouses tension or
anxiety. It contains 26 items. Weighted average correlations were calcu-
lated between all these scales. The results appear in table 7. In the
same table the correlations of the different scales with the L score are

printed. In this table no distinction is made between R.O., Reg.O., Dutch
or French groups. As expected, the SA-W and the SA scales are highly cor-
related (.58), both scales are measuring the same kind of anxiety. But, the
correlation between SA-W and F- is even higher (.69). The explanation of
this fact lays probably in the distinction between feelings of discomfort
and behavior. SA-W and F- try to sure the degree of anxiety or discom- r
fort in relation to specific social or 'test-like' situations, while S.i
emphasises the engagement in assertive behavior.
A person might feel high discomfort but engage in an asoertive beh:vior
in spite of this, or, such discomfort couid be coupled with an av:idance
behavior. This can perhaps explain the difference in relationship bet-
ween the two SA scales and the L score. The 1. score expresses morc .,hat
the subject is doing during a itressful sociad situ;ition and not what he
is feeling. And this is more central in the SA scalk than 3- the SA-W scole.
For this reason Eileen 1). Gambrill and Cheryl A. R4cl.ey (1975) develo-
ped an Assertion Inventory which permits rez.,cndent ; to rote for .Ch
item their degree of discomfort and their probdi',it, n. I '!.
the behavior.
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TABL. 7. Weighted averagc correlationsletween anxiety, self'-confidence,
achievement -notivation and leadership.

SA-W SA SC F- F+ P
L -.23 (3) -. 38 (9) .35 (9) -.33 (2) .10 (2) .10 (2)
SA-W . . 5, (7) -. 44 (7) .69 (2) -. ,j (2) -. 24 (2)
SA 1-.47 (16)' :50 (8) -24 (8) -.16 (2)

-__47 (8) .25() .21 2)-
F- -4 -.38 -.16

The number between brackets indicates the number of correlations.
The number of subjects in each subgroup varies from 50 up to 200.

Anyway, social anxiety seems to be strongly related with test-anxiety.

The SC scale is clearly negatively related with F-, the SA-W and the 'A
scale. This fits in with the description of the self-image of anxious sub-
jects (Sarason § Spielberger, 1979). The correlations between ach. mot.

(P) and the other scales are in the expected direction but are low. This
is also the case for F+, what seems to support the idea of Hermans (1970),
who, like Alpert and Haber (1960), tries to demonstrate that facilitating
anxiety is not just a mirror image of test-anxiety. Depreeuw (1978), like
Herron (1964), stresses an unidimensional theory concerning fear failure.: +Ile argues that the low correlation between F+, and F+ can be explained by

the formulation of the F+ items. The majority of these items refer to low
level anxiety. "The F+ scale measures the degree in which light feelings
of tension facilitate performance, while the F- scale measures the degreeI
of anxiety (or tension) t st-like situations evoke"

The reliability of the ZA and SC scales

With an interval of one day the subjects answered first the original ques-
tionnaire (151 items) and second the SA + SC items only. The retest relia-
bility coefficients are for the SA scale .78 (n=454) for the D.R.O. +
D.Reg.O., .78 (n=,183) for the F.R.O. + F.Reg.O., for the SC scale they are
respectively .67 and .70. These coefficients are low. For this reason it
was decided to maintain the original questionnaire and to calculate the SA
and SC scores with appropriate keys. All calculations in this study are
based on these scores.

CONCLUSIONS

There exists a stable rel-itionship between military le dership, as defined
bj the officer's Selection Board, and social anxiety and self-confidence.
There are some indications thft this two qualities are related .ith the
officer's training outcome, but, the facts are e-.ther werik (reserve officers)
or toc unstible (regalar officers). Social ;Lnxiety is closely reluted .1ith
te;t-arxiety And .-t distiiction needs to be rm.de between feelings of dis-
corifort .nd beh;,vior.
Although, 'h CC items do not . plicitely refer either to soci:al stressful
situations or to test-like sAtn,'.tior-, the relaitions of the '3C scale .,:ith
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the SA scales and the test-anxiety scale are substancial. This expresses
the fact that self-confidence depends to an important extend on the Way

one copes with stress.
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BOLDOVICI, John A., and HARRIS, James C., HumRRO, Fort Knox, Kentucky.

SOME PROBLEMS IN EVALUATING TRAINING DEVICES AND SIMULATORS
(Wed P.M.)

The purpose of this paper is to discuss a few of the problems
that one encounters in the design of evaluations for training devices
and simulators. The problems involve:

1. Defining Device Effectiveness. Various levels of the
device-evaluation question are discussed, from, "Does practice
on the device produce transfer?" to "What does the
price/transfer curve look like?"

2. Selecting Dependent Variables. Choices frequently are made, not
on grounds of relevance, but on other grounds-feasibility, for
example, and anticipated use of data.

3. Training Devices as Test Media. Nearly all training devices are

used as test media. The criteria for evaluating test media
differ from the criteria for evaluating teaching devices.

4. Ceiling and Floor Effects. Avoidance of ceiling and floor
effects requires considering measurement reliability, task
difficulty (or entry-level proficiency), and amounts and kinds

of practice.

5. Measuring Training and Other Weak Effects. Of the many problems
assoicated with device evaluation, the most difficulty by far is
the measurement of cause and effect. Suggestions are made for
diminishing the effects of extraneous variables.

4
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SOME PROBLEMS IN EVALUATING TRAINING
DEVICES AND SIMULATORS

John A. Boldovici

and

James H. Harris

HumRRO, Fort Knox, Kentucky

INTRODUCTION

Several new devices are being developed as media for teaching
soldiers to operate and maintain the XMI tank. We are providing
evaluation-planning assistance for several of these new devices,
including the Unit Conduct-of-Fire Trainer, the XMI Driver Trainer,
the Turret Organizational Maintenance Trainer, and two targets systems--
the Combat Training Theater, and the BT 41.

Guidance for evaluating training devices and simulators can be
found in several TRADOC and Army Regulations and Circulars; 71-9, for
example, and 70-1. The regulations share with most attempts to prescribe
or "can" training development and evaluation matters, the characteristic
of telling us a lot about what we already know. For solving the more
difficult problems, however, the canned prescriptions are of little help.

The purpose of this paper is to discuss just a few of the diffi-
cult problems that one encounters in the design of evaluations for
training devices and simulators. The problems involve:

1. Definiag device effectiveness.
2. Selecting dependent variables.
3. Training devices as test media.
4. Ceiling and floor effects.
5. Measuring training and other weak effects.

Defining Device Effectiveness
The device evaluation question can be thought of as occurring

at three levels. The most basic level is, "Does practice using
the device produce transfer?" Answering this question requires only
a device and some method of measuring Task B learning or performance.
(Task B as used here means criterion performance--or as close to
criterion performance as 's possible to get without going to war.)
The device need not provit e for reliable measurement if it is used only
for practice on Task A (the practice Task) and not for measurement on
Task B. Whether analyses separate from those used to measure transfer
are necessary for establishing the reliability of Task B measurement
is equivocal. On the one hand, the assumption can be made that if
differences in transfer are shown as a function of practice with the
device and no practice with the device, then (barring Type I error)
measurement must have been reliable. There are, however, at least
two points to be made about this line of thinking: If no differences
in transfer are found as a function of practice and no practice, then
one cannot be sure whether the treatments were equally ineffective or

I$
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the measures of Task B performance were unreliable. Possible operation of
ceiling and floor effects also is relevant here, and will be discussed
later. The second point is that the possibility of Type I error should
not be ignored where two conditions coexist. The conditions are (a) that
new ground is being broken in the device evaluation (that is, a directly
related evaluation of the device has not been proviously performed), and
(b) that the probability of replicating the device evaluation is low.
Since both of these conditions frequently apply to transfer studies with
new devices, consideration should be given to designing studies which
incorporate examinations of measurement reliability as well as transfer.
This is easily accomplished by designing studies which require the use
of repeated measures. As will be seen later, there are compelling

reasons for using repeated measures designs irrespective of the relia-
bility issue. Addressing reliability should therefore present little
problem, aside from the fact that correlation typically is used to

examine reliability, and is never appropriate for measuring transfer.
(A high correlation between scores on Task A and scores on Task B simply
suggests that the same skills are involved in performing the two tasks,
and has no bearing on the transfer question.) This problem is easily
solved by the use of analysis of variance designs for both transfer and
reliability analyses, or by reserving the use of correlation for relia-
bility analyses only.

A level above the simple evaluation question, "Does practice on
the device produce transfer?" is the question of how much; that is,[
"How much practice on the device produces how much transfer?" Designs
appropriate for answering this question provide data not only on trans-
fer, but also permit avoiding ceiling and floor effects. They also
address the pragmatic issue of diminishing returns from simulator prac-
tice, by providing data on optimal points for shifting trainees from
Task A to Task B. Notice though, that if proficiency on Task A is used
as a treatment in studies of the relation between amount of practice and
amount of transfer, then unlike the situation discussed earlier (Does
practice produce transfer?), the reliability of device-mediated measure-
ment is unequivocally an issue. If the study design requires Group I to
be trained to mastery level x, Group II to mastery level y, and so forth,
then analyses should be performed to answer questions about the relia-

bility of measuring mastery leveis x and y.

In addition to the questions of whether and how much, one usually
would like to know ,;omething about effectiveness of practice on the
device relative to Lrearments other than practice on the device,

including no treatmenit, conventional treatment, or both. This of course
is the simplest version of the cost-effectiveness question, which can

be variously stated as, "What is the leost expensive means for achieving

x transfer?" or "What is the most transfer that can be achieved for x

dollars?" Or in its mot' elusive form--t'he form which most cost-
effectiveness studies seem to address--"hat is the optimal cost:

benefit ratio?"

One would do well in our view, to discard from consideration the

BOL .
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first and last levels of he evaluation question mentioned above. The
first is simply inefficient; with slight additional effort and little
or no added cost, one can obtain answers to device evaluation questions
that are more enlightening than, "Does practice on the device produce
transfer?" The last-mentioned level of the device-evaluation questioln--
"What is the optimal cost: benefIt ratio?"--is probably unanswerable,
since the requirements for widespread agreement on cost-accounting
methoos and on "units" of transfer are never likely to be met.

Studies should therefore be designed to address the intermediate
levels of the device-evaluation questicas posed above; namely, "How much
practice on the device will produce how much transfer?" with particular
concern for measurement reliability, and for identifying optimal "shift
points" from Task A to Task B.

Selecting Dependent Variables

The selection of dependent variables and measures must begin with

an examination of all sources of information about "what the device is
supposed to do." The ideal device specification would be in terms of
desired amount of transfer and money saved as results of practice using
the device. As implied earlier, getting bogged down in after-the-fact
cost analysis seems unwise. The impetus for developing devices in the
first place usually is monetary. If the case for savings due to device
use is not compelling on rational (prospective) grounds, then little will

*be gained by conducting after-the-fact cost analyses of the device and

alternatives. It seems advisable to proceed from the assumption,
"Given that use of the device can save money, how can additional savings,
additional proficiency, or both be achieved?"

Even if one knows, however, what the device is supposed to do,
the fact remains that there is no "science" of selecting dependent
variables and measures, just as in test development there is no
"science" of selecting criteria and measures (factor analysis notwith-
standing). From a validity or relevance standpoint, one has absolutely
no basis, as Gagne noted in 1954, for choosing between the criteria of
hitting targets and scaring opponents away. Similarly, how does one
choose between the measures of distance from target center and hit/miss?
Such choices typically are made, not on the basis of validity or
relevance, but on other bases--feasibility, for example, and anticipated

use of data. Given the unavailability of a science for selecting
dependent variables and measures, the main implication for designing
transfer studies is that whatever measures are selected be justified.
A modified Method of Rationales (Flanagan, 1951.) seems appropriate, in
which all reasonable-appearing dependent variables are considered, and
the rationales for selecting some and rejecting others are stated in
writing.

An issue that inevitably arises in device evaluations is whether

it is acquisition of Task B or performance of Task B which is of in-

terest. Our thinking at present is that it makes little difference in
terms of study design: repeated measures of performance on Task B are

desirable in any event--for two reasons: as a means of examining the
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reliability of Task B measurement, and because performance on early
Task B trials is not necessarily predictive of performance on later

Task B trials. Given repeated measures on Task B then, the issue of

acquisition vs. performance becomes a matter of data treatment: one
can average over all (or later) trials to obtain performance measures.

Or one can count number of trials to reach given proficiency levels to
obtain acquisition measures. Or one can do boLh. The strengths and
weaknesses of alternative designs and measures for transfer and studies
are treated in full by Gagne and Crowley (1948).

Training Devices as Test Media

A training device whizh is not used in some testing capacity is
a rarity. If scores or jutgments are used to estimate trainees'
mastery of less difficult objectives before proceeding to more diffi-
cult objectives, then the device is a test medium. If diagnosis and

romediation are based on trainees' performance using a device, then
the device is a test medium. If malfunctions or problems are presented
to students in device-centered instruction in order to examine reactions

to etergencies, then the device is a test medium. And if transfer studies

are designed in which proficiency on Task A is a treatment, then the

device is a test medium.

The criteria for evaluating devices as test media obviously are

not the same as for evaluating devices as teaching machines. The

minimal requirement for training effectiveness is simply that practice
on the device yields positive transfer. The minimum requirements for

test "effectiveness" are for reliability and validity. "Fidelity"

in device-centered testing may be desirable from the standpoint of
validity, but only to the extent it does not interfere with reliability.

(The extent to which "fidelity requirements" conflict in their relation

to training and testing is unknown--and notably non-existent as an

objeact of scientific inquiry.)

Fitzpatrick and Morrison (1971) imply that the trade-off between
fidelity and measurement reliability is direct:

Good measurement is possible only when each examinee

can be observed under similar circumstances; that is,
when it is possible to control and hence standardize the

displays, the surround, and the responses on which evalua-
tion of performance will be based. Such control Is char-
acteristic of testa and is reflected in the high ralia-

bility of measurement that can be achieved with a good

test. But as the test situation simulates reality more

closely, control becomes more difficult. It generally
would be agreed by those with experience in the matter

that the more closely one tries to simulate a real cri-

terion situation, the less reliable will be one's

measurement of the performance (p. 240).
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This view seems at odds with consideration of the characteristics of
modern devices, and especially electronic devices. Modern visual sys-
tems provide a case in point. As our ability to approximate visual
"reality" increases, there is no commensurate loss in stimulus control
(i.e., control of displays and surround). Any improvement in the
ability to generate visual reality in fact requires improvements in
stimulus control. Thus it seems that the increased use of high-speed

electronics should minimize the need for trading off realism and mea-
surement reliability.

The increased use of electronics in device construction also has
implications for improved diagnostic testing. Electronics are well-
suited for counting and timing. Among the implications Eor testing
is that the occurence and latency of nearly any overt response are
easily recorded electronically with attendant potential for trouble-
shooting human performance sequences.1 This is especially relevant
for improving the performance of time-constrained tasks, with which
tank crewmen's jobs are replete. The limits on measuring overt respon-
ses no longer are given by available means of measursnent, but by
limits on the response rates themselves. Here again, the increased
measurement capability is accompanied by no loss in measurement relia-
bility: machines not only count and record faster than humans do,
they also do so more reliably.

Finally, it is axiomatic that reliability is well served by stan-
dardization, which in turn can be achieved by instructor- or administrator-
independence of tests. To the extent that device-centered tests are
1canned," measurement reliability should improve.

The considerations presented above are not suggested as criteria
to supplant the main functions of training devices; namely providing
practice which yields positive transfer, saves money, or both. If,
however, a training devica is to double as a test medium, then the con-
siderations mentioned here should not be ignored.

Any test or measure of performance should aim for
high validity, i.e., some sort of assurance that the test
measures what it is supposed to measure. When one mentions
measurement, though, reliability as well as validity is
implied, since it must also be determined that the test
yields a performance score which differentiates between
a superior and inferior individual with some degree of
dependability. To the psychologist, these are well-
known concepts. They appear to be applicable without
change or reseriation to the measurement of performance
by means of a training device (Gagne, 1954).

Ceiling and Floor Effects

Caution must be exercised in interpreting results showing no
difference in learning or performance as a function of training treat-
ments. One occasionally reads in the Armor "t-ade" literature

1See, for example, Moore (1977) for descriptions of improving Olympic
athletes? performance using computer-based process measurement.
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for example, reports of no difference in performance of a live-fire
gunnery test as a function of simulator-based and conventional training.
Only if scores are reported, is interpretation of the absence of dif-
ferences possible. If scores are not reported, one can only wonder
about possible floor effects. That is, all scores--those of experimentals
and controls--might be abysmally low. In such cases, simulators might
save money, but not yield desired proficiency. Questions also arise as
to how the scores of the simulator and conventional groups might com-

pare with the scores of cruws that received no or extremely "watered-
down" training (a ten-minute lecture on how to hit targets, for example).

Ceiling effects are of course the opposite of the situation hypo-
thesized above: Both groups are so proficient on Task B before learning

Task A, that learning Task A produces no measurable increment in pro-
ficiency on Task B. (The problem is analagous, at least partly, to
retention-study designs in which all Ss are trained to 100 percent pro-
ficiency at the outset, then tested at a later date, when their scores
have nowhere to go but down.)

Analysis and avoidance of ceiling and floor effects require con-

sideration of at least four factors: mea~urement reliability, task
difficulty (or baseline proficiency), amount of practice, and kind of
practice. Assuming reliable measurement, ceiling and floor effects can
be viewed as special cases of violating the maxim, "Begin where the
trainee's performance is at" (Malot, 1972); that is, ceiling and floor
effects are the result of amounts or kinds of practice that are
inappropriate to Ss' pre-training proficiency levels.

The implications of ceiling and floor effects for simulator and
experimental design seem not to be widely appreciated. A finding of
no difference bet%:een conventional and simulator groups should not
automatically be viewed as a decisive blow for the cause of simulation.
Four implications of ceiling and floor effects warrant particular men-
tion. The first implication is that modern instructional technology,
including state-of-the-art devices and simulators, can be expected tc

have little or no effect on the acquisition or retention of easy tasks.
If a task Is so easy that it can be mastered in one or two trials, or
on the basis of simple verbal instructions withot rehearsal, then
learning is unlikely to be improved by the use of devices. Learning
may be made less txpensive in such cases by substituting devices for
operational equipment, but proficiency maintenance or improvement is
likely to be unaffected.

The second implication is related to the first: if a task is so
difficult that it is seldom performed to standard or reliably in opera-
tional situations, then performance may or may not be improved by
simulator-;'ased practice. The key here is in identifying correlates

of satisfactory and unsatisfactory learning and performance in the
operational setting. If, for example, one can determine that poor

performance is due simply to lack of opportunity to practice, then
devices, appropriately used, can have beneficial effects. If, on the

other hand, the poor performance is due to equipment unreliability, or

limits on the sensory or motor capabilities of operators, or any

.3ources of variance other than Ss' performance, then practice with
devices may have no reliable effect on performance of the criterion

task. Performance on tank gunnery tests may well be a case in point.
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The third implication is that device-evaluation studies should
examine interactions between amounts and kinds of practice on the one
hand, and Ss' proficiency levels on the other. One way to do this
is to select Ss at the extremes of proficiency, admirtistcr equiva-
lent amounts and kinds of training to the high- and low-proficiency
groups, and compare learning or performance on Task B. Selecting peo-
ple at the extremes of proficiency is, however, both risky (from
a reliability standpoint) and expensive. A better approach is to
select random samples from the population of interest, and to train
various groups to various levels of proficiency in the simulator before
examining learning or performance of Task B. (The results of such
designs also would provide clues about optimal "shift points" from
simulation to criterion tasks.) This general paradigm, in which pro-
ficiency on Task A is a treatment, should receive primary consideration

for the design of transfer studies for new devices.

The fourth implication is related to the third: Ss must be care-
fully selected to be as representative as possible of the proficiency
levels of the trainee population for whom the devices are intended. If
this is not done, then a device might be incorrectly judged effective
or ineffective when in fact the ample was at fault. In its extreme
form, this problem would manifest itself in transfer effects that were
opposite for sample Ss and population trainees.

Measuring Training and Other Weak Effects

The main point to be made here is simply that interest in the
retention of tasks by military personnel should not be allowed to con-
found transfer issues. Of the many problems associated with training
assessment, the most difficult by far is the measurement of cause and
effect.1 In any system, the further removed that the outcome being
assessed (in this case, performance on Task B) is from the inputs that
are to be evaluated (in this case, practicing Task A using a device),
the greater is the itumber of extraneous variables that obscure the
relationship being explored. What is measured in an assessment of
"typical" on-the-job performance is inevitably the result not only of
practice on the device, but also of adequacy of selection, of individual
differences in working habits and personal characteristics, of the
effects of supervision, and of the error impact of numerous temporal
and idiosyncratic conditions that affect performance of Task B. The
results also are affected by how much (and what) the trainee learns

(between Tasks A and B. As a result, teasing out the specific impact
of practice using a device on the ultimate criterion of on-the-job
performance--if it can be done at all--is a very costly operation.
Each extranecus variable that must be controlled imposes additionai
requirements for measures and for sample size, and a truly responsive
design quickly assumes astronomical proportions.

Temporal effects on transfer obviously are important, in that

tracking performance decay provides information necessary for
scheduling "refresher" training, and may reveal differences associa-

1This and other points in this section were made by Paul. A. Schwarz
(1971) in a proposal written with the senior ,uthor.
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ted with methods, rates, and amounts of original larning. But in
studies of device effectiveness it makes little more sense to measure
performance of Task B long after Task A has been learned than to search
!or analgesic effects long after an aspirin has been administered.

For the reasons noted above and others, transfer studies typically
require Ss to learn Task B immediately or almost immediately after
learning Task A. The rationale here is that immediate measurement
reveals the maximum performance capability attributable to the treatment
(practice on the device in the present case), and this is really the
most appropriate criterion for assessing its specific effects.
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BOONE, Dr. James 0., Federal Aviation Administration Academy, Oklahoma
City, Oklahoma.

THE FEDERAL AVIATION ADMINSTRATION RADAR TRAINING FACILITY EMPLOYEE
SELECTION AND TRAINING (Tue A.M.)

The Federal Aviation Adminstration (FAA) has recently
constructed a radar training facility (RTF) in Oklahoma City,
Oklahoma, to aid in screening appropriate personnel for work in
radar air traffic control (ATC). The approach is based on the idea
that limited exposure to simulated radar ATC in a controllled and
measured environment will lead to the identification of persons who
possess the s*ills and attributes necessary for success in this type
of work. This report describes the results of a study performed at

* the FAA National Aviation Facility Experimental Center. (Now FAA
Technical Center) comparing an over-the-shoulder method of scoring
student performance with scoring by computer derived measures for
use in screening at the RTF.

IResults indicate that the computer-derived measures are far
more reliable than over-the-shoulder scoring and the
computer-derived measures predict a global rating of potential
succcess in radar ATC at least as well as over-the-shoulder

I scoring. The implications of the results are discussed in relation!- to other automated training systems.
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lTHE FEDERAL AVIATION ADMINISTRATION'S RADAR TRAINING FACILITY
AND EMPLOYEE SELECTION AND TRAINING

James 0. Boone, Linda Van Buskirk, and JoAnn Steen

Aviation Psychology Laboratory, Civil Aeromedical Institute
Federal Aviation Administration, Oklahoma City, Oklahoma 73125 USA

Successful air traffic control specialists (ATCCs) who have made a transition from
manual to automated air traffic control (ATC) appear to prefer the advantages in
the automated environment. However, some prospective ATCSs do not perform success-

fully in radar ATC. Successful employment in the radar environment requires that a
person possess certain aptitudes. 2t is in the interest of the Federal Aviation
Administration (FAA) and the prospective ATCSs to determine as soon as possible if
the prospective ATCS possesses the aptitude necessary to successfully operate in
the radar ATC environment. The philosophy of the FAA in regard to this selection
process is that the best way to measure aptitude is to place the prospective ATCS
in a radar simulation laboratory and perform a systematic, objective appraisal. of
the person's potential. To this end the FAA has constructed a Radar Training
Facility (RTF) at the FAA Academy in Oklahoma City, Oklahoma. The traininlg/
screening process in!olves a mini-radar training program with rigorous assessinmnt
which occurs over a 4- to 5-week period. During this period, the trainee receives
basic radar training sufficient to allow systematic evaluation of his or her
performance. Those who demonstrate potential to become successful ATCSs are
retained and those who do not are screened from the program.. To explain this
system, the RTF background, RTF positions, system operation, and the evaluation
process are described in detail below.

The original simulators used in FAA ATC training were "patches" developed for the
operational automated field systems. The "patches" permitted flexible training at
designated positions without interfering significantly with the operational
positions. Experiences with these prototype simulators resulted in at least two

Xmajor notions related to using simulation for radar training. First, the value
of computer-driven simulation for training purposes was firmly established.
Second, several problems associated with using operational field systems in a

training mode were identified. A 1965 Institute for Defense Analysis (IDA) study
on the training of air traffic controllers d.'.,cussed some cf these problems and

suggested that a standardized computer-driven program should be established by the

FAA to provide basic radar training. The IDA study further suggested that the
radar training should be pass/fail to select out those persons who did not
demonstrate the potential to perform proficiently in a radar environme.nt.

In July 1976, engineering requirements were completed by the FAA for a radar
Atraining system. During that same month the FAA Administrator approved the

procurement and construction of the RTF to be located at the FAA Academy in

Oklahoma City.

In October 1977, the FAA completed a prcgram implementation plan that outlined the

* development and implementation of the RTF. The contract for the development of the

computer-driven simulator training system was awarded to Logicon, Tactical and

Training System Division, San Diego, California, in January 1978. Groundbreaking for

the construction of the new RTF at the FAA Academy was held on December 22, 1977.

The rew facility was built and accepted by the FAA in January 1980, and the training

system developed by Logicon Corporation was accepted in April 1900.

BOO-1



1 2
RTF Trainin System and Laboratory Configuration.

The primary objective of the RTF is to closely duplicate the specialized operational
environment existing at automated terminal and en route facilities as well as have
the capability of synthesizing and presenting a wide variety of air traffic control
situations. These situations would be based on a reference data base created
through scenario programs with a full range of control necessary to establish a
realistic simulation of actual aircraft traffic under a variety of conditions.i i To accomplish this objective, four independent laboratories are utilized. Figure 1
describer how the laboratories are configured.

Positions. There are Trainee positions and Supervisory and Support positions/stations
*corresponding to each radar training sector. At a "position," the operating personnel

have input/output (1/O) equipment access to the system with associated voice communi-
cations for mopitoring, instructing, and supervisory functions.

Trainee Position.

1. Radar Control Position (R). The R controller positions (six in each lab)
have a display console, (PVD) for en route and (DEDS) for terminal. They have
associated voice communications. The displays and voice communications are similar
to those at field facilities. Displays include maps, weather, aircraft position
symbols, alphanumeric readouts, and other digital and symbolic data.

2. Nonradar Controller Position (HO/D). The D controller for en route and
the HO position for terminal (six in each lab) have the capability of making and
accepting handoffs. This position also permits training for manual or nonradar
control by using flight progress strips generated by the flight strip printers.

3. Pilot Position (P). Three pilot positions are associated with each
sector (18 in each lab). These positions are in a separate room. Each position
operator performs at a console with a tabular display and keyboard for data entry
with associated voice commurications. These operators simulate aircraft pilots

during the exercise by actual responses to ATC clearances/instructions.

4. Ghost Position (G). This position is associated with each R and/or
HO/D position. There are six ghost positions "in each lab. The position console
and display are identical to those of the pilot position. The ghost position
operator adds realism to the exercise by performing :elated functions of adjacent
centers, terminals, flight service stations, and positions/sectors. Functions
include initiating handoffs, accepting handoffs, and generally ghosting functions
of other facilities/sectors.

Supervisory and Support Positions/Stations.

1. Instructor Station (I). An instructor station is provide& at each
sector (six in each lab). The instructor has voice communication uith each student
and monitors the overall exercise from behind the trainee positions.

2. Pilot Supervisory Station (P'-). This position (one in each pilot room)
has voice communications for supervisig, monitoring, and instructing operation of
pilot positions as well as for coordinating activities with the master instructor
station and the system monitor position.

*O
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3. Master Instructor Station (MI). This position (one in each lab)
controls the exercise within the lab. The position has a tabular display, a data
entry keyboard, and associated voice communications with each trainee and with
each operator of ghost, instructor, and pilot positions in the lab. The master
instructor station will permit setting clock time, starting, monitoring, freezing,
backing up, replaying, and restarting the exercise as necessary. The position also
provides for data recording and analysis of the exercise.

4. System Monitor Position (SM). One position is provided for each lab.
The position will have voice communications with two master instructor positions
and two pilot supervisor positions. The position will permit computer operation
and operational and maintenance monitoring.

Figure 2 describes the system configuration for operating the positions and
stations in each laboratory. The training sectors are controlled by a Digital
Equipment Corporation (DEC) PDP 11/60 computer with a PDP 11/34 computer serving
as an interface between the PDP 11/60 and the operating positions.

OIDIfnAY

UNVRA SCNAI

&MUT SIMAIENRATION

MANUAL

PRINTOUT

Figure 3. Components of scenario generation.

REAL-TIME TRAtNING MDO W-

I IACCWC

am
IA" PERFORMANCE

Figure 4. Components of the real-time Figure 5. Components of the student performance
training system. measurement.
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The training process involves three sequential systems of operation: (1) SCENARIO

GENERATION --- s (2) REAL-TIME -- 4 :3) PERFORMANCE MEASUREMENT. Scenario generation,
illustrated in Figure 3, is the n)n-real-time process of building exercises and
evaluation problems for the system. Aircraft characteristics, flight plans, and
other essential information of this type are stored in the Universal Data Files (UDF).
The exercise is built by first selectively retrieving intermediate files and then
creating other intermediate data files from the universal data base through the
scenario management program.

The real-time component, illustrated in F.gure 4, utilizes the scenario management
files to generate the actual radar simulation exercise. The real-time component
drives the display at the radar position. Aircraft movement is controlled through
the pilot and ghost positions according to the instructions the operators of those
positions receive from the controller trainee or, in some cases, from a scenario
prompt which appears on the cathode-ray tube (CRT) at the pilot or ghost positions.
During the operation of the real-time training exercise, all actions taken during
the exercise are recorded.

At completion of the exercise, the computer will analyze the recorded actions to
determine violations of separation standards and to quantify other pertinent
performance information, such as delay times, in order to evaluate the student's

ability to move air traffic "safely and expeditiously." The process of student
performance measurement is illustrated in Figure 5.

Table 1 contains a list of the computer-derived measures to be employed in eval-

uating the students' performance on a given problem. The primary focus of this
paper is the student performance component in the training system.

TABLE 1. List of RTF Measures

1. Number of aircraft in the sample
2. Ideal aircraft time-in-system (based on filed flight plan)
3. Ratio of the ideal aircraft time in system and the number

of aircraft in the sample
4. Number of completable lights
5. Data period duration
6. Number of arrivals
7. Number of departures
8. Arrival/departure ratio
9. Arrival rate scheduled per hour and departure rate scheduled

per hour
10. Conflicts--terminal (3 nautical miles (NMI))
1. Conflicts--en rouce (5 NMI)
12. Number of delays (stait time)
13. Delay time (start time)
14. Number of delays (hold and turn)
15. Delay time (hold and turn)
16. Number of del.ays (arrival)

17. Delay time (arrival)
18. Number of delays (departure)
19. Delay time (departure)
20. Number of delays (total)

(TABLE 1 continued on next page)--
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(TABLE 1 continued)-- 6

21. Delay tire (total)
22. Aircraft time-in-system (real)
23. Number of aircraft handled
24. Number of completed fligLts (total)
25. Number of arrivals achieved
26. Arrival rate achieved per hour
27. Number of departures achieved
28. Departure rate achieved per hour
29. Number of air-ground contacts
30. Air-ground z"-,munications time
31. Number of it .oud. changes
32. Number of head;'n.i changes
33. Nuraier of spe -.4 cLanges
31l. Nupiber of peth c hpges (altitude, heading, and speed)
:55. 'lumber of har'tdo.fs

Background in Performance Meas,,-. en .

The earliest studies in air traffic cuntZo) which used some form of automated
measurement were conducted by a Civil zkroantics Administration (CMk\) group in
Ini.anapc.1s, Indiana, at th,. echnica2 Dnw#c.%rMent Center (TDC) with support from

Ite, F,:ankliv Inst "ite of Philadelphia , ,2L C1 65). The "dynamic simulator" used
at th.- T.DC c.onsisted of a translucent scre,'n o1. which .aps could be projected with
imtor..driv;-n Jight pro- '-ctors capable of pro'e cing a spot of light and moving it
across tle sc -een to simulate radar echoes f .o ,! an aircraft. Personnel acted as
pilots c mu inA the aircra :t acro.is the screens according to the control messages
they re'eiv. ov,.r a te Lepl,..ne .. The setup resembledt the radar Plan Position
Indica.ors (PPI usCd 4n a.- tiafi.c coi.trol (15). Research at this if:cility
spanned f...,a i' 3)5 to 1959, a'. whic¢. point it was moved to the Natioiua: Aviation
Facilities ExpLrimental Center (MA.LEC; renamed FAA Technical Center in May 1980).

The research at TDC covered topics in air traffic control such as (i) airport design,
(ii) approach systems, (iii) ATCS workload, (iv) data acquisition, and (v) decision
making. Reports or, the s,.adies cont-ained quantitative data on i) number of
sepaiation violations, (ii) number of aircraft delayed, (iii) average delay per
aircraft, (iv) altitude changes, (v) number and length of communications, and (vi)
number of missed approaches (10,11,12,13,14,67,68,69).

Concurrent with the TDC studies, a series of 19 simulation-based experiments were
conduc..d in air traffic coriLr.l a the Ohio State University's Aviation Psychology
Laboratcry under the direction of Paul M. Fitts (27). The studies were performed
betweei, 1954 and 1961 and involved measurement of controller performance. In 1954
Hixson et al. (34) developed an electronic radar target simulator for air traffic
control studies. As a part of the development, Hixson made performance measurements
on the accuracy of "headings," "airspeed," "turn rate," and "attitude" for each
target 9nerated. A camera was mounted on the display indic,itor and the path of the
uJrcr ft was recorded. Calculations were then computed from the recordings to
measure the ac:,.-'a -v of the siulation. These measures were used to determine the
accuracy of the system operation.

Later studies at Ohio State University involved more direct measurement of ; TCS
performance and were conducted on a variety of topics such as (i) pattern-feeder
controllers, (ii) individual differences among subjects, (iii) display variables,
(iv) workload variables, and v) procedural variables (9,35,37,39,40,41,42,43,44,
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45,46,47,48,49,52,57,58,59,60,61,66). Several different types of measuxJs were
used to assess subject and system performance. The-t include measures of (i) overall
flight time, (ii) percent delay time, (iii) fuel consumed, (iv) missed approaches,
(v) separation errors, (vi) time intervals between landings and departures, (vii) time
and frequency of communications, (viii) delay time in responding to emergency situa-
tions, and (ix) traffic load, i.e., number of aircraft in the problem and number of
aircraft handled.

During the 1960's research involving ATCS performance was done by at least three
groups: (i) the MITRE Corporation, (ii) the Systems Development Corporation, and
(iii) NAFEC. Between 1961 and 1963 the MITRE Corporation conducted six studies in
air traffic control. The six studies covered topics in (i) high altitude air traffic
control, (ii) beacons and automatic tracking, (iii) display clutter on the CRT,
(iv) multisector coordination, (v) handoff procedures between en route and terminal,
and (vi) conflict resolutions (33,36). The studies were performd by conputer-gener-
ated simulation where "canned" scenarios were constructed and then run in real time.
Automated measures taken in the studies included: (i) traffic lead, (ii) toletype
usae, (iii) frequency of various displays, (iv) flight plan deviations, and
(v) conflicts.

In 1961 the System Development Corporation began a series of studies in air traffic
control. The studies were performed by computer-generated simulation and sufficient
information from each program to subsequently reproduce the problem was stored on
mag tape. Studies were conducted on topics such as: i) spacing of aircraft, (ii)
geographic point of aircraft entry, (iii) heterogeneity of aircraft, and (iv)
procedural variations (2,3,4,5,6,7,8,25,29,30,54,55,56). The stored data from the
problems made possible an extensive list of postexercise measures. These included
(i) safety violations, (ii) percent of time aircraft in holding pattern, (iii) percent
of aircraft held, (iv) difference between actual flight time and time by the shortest
available path, (v) the ratio of iiiand iv, (vi) mean time spacing between successive
aircraft, (vii) aircraft waiting time before departure, (viii) delay time holding,
(ix) fuel consumption, (x) variability in aircraft arrival time, (xi) number of
radio communications, (xii) average communication time, (xiii) average number of
communications per aircraft, (xiv) total communication time, xv) number of controller
data entries, and (xvi) number of clearance points an aircraft passed.

Perhaps the most extensive research during the 1960's involving performance measure-
ment occurred at the FAA NAFEC facility. As previously mentioned, the simulator at
the TDC was moved to NAFEC and used until about 1962. Between 1960 and 1962 NAFEC
also nad a Model A and Model B simulator installed. The simulators generated radar
echoes on a CRT. Pilots were also employed to move the echoes around on the CRT.
Later, a Sigma 5 computer was introduced which extended NAFEC's simulation capa-
bilities. A sampling of the research topics covered included: (i) dual approaches,
(ii) combining approach facilities, (iii) equipment arrangements, (iv) traffic flow
patterns, (v) final approach spacing, (vi) display usage, (vii) airspace jurisdic-
tion, (viii) helicopter movement, (ix) supersonic control procedures, (x) airport
site selection, and many more (1,20,26,32,38,50,53,64,65,66,70,71). Measures
employed in the studies consisted of (i) delay time, (ii) number of vectors,
(iii) number of holds, (iv) conflictions, (v) aircraft time in the system, (vi)
interval between arrivals, (vii) communication workload, (viii) number of departures
and arrivals, (ix) the ratio of departures and arrivals, (x) missed approaches,
(xi) total aircraft handled and several others.
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During the 1960's and into the 1970's, there was a shift in emphasis in performance

measurement at NAFEC. While most of the prior NAFEC research had employed these

measures to evaluate various equipment, procedures, or configurations, research
interests shifted to using automated performance measurement to evaluate how well
the ATCS was performing. The basic notion at that time was to construct norms on

ATCS proficiency through Controller Performance Measurement (CPM) (19,22). A 1969
study on controller aging (20) set the groundwork for the NAFEC effort in CPM, and

later two experiments termed PROBL tests further supported the basic performance
measurement rationale (21). The tests demonstrated the possibility of developing
parallel problems and of identifying a consistent ATCS profile across different
sectors. The early tests demonstrated that a laiger random sample of representa-

tive ATCSs was needed in order to proceed.

With the introduction of the RTF, it was decided that the feasibility of using

computer-derived measures to evaluate ATCS student performance should be studied.
The present system of student evaluation consists of an over-the-shoulder observation
o.. s c by raxprai:^ ai. ULaffL, _uaLiiLullers with recent field experience. Scores

are comprised on the basis of a composite of instructor ratings (Instructor Assess-
ment) and a count of errors committed while controlling simulated aircraft (Prcblem
Average). A study was designed, employing the computer-driven ATCS simulaticn lab

at NAFEC, to study the possibility of using automated measuring devices as a substi-

tute for the Problem Average portion of the composite score. The purpose of the

study was twofold: (i) to make a preliminary assessment of the feasibility of using

computer-derived measures (CDM) to evaluate student laboratory performance and (ii)
to improve the over-the-shotlder evaluation procedure for student laboratory
evaluation.

Methods. To accomplish these goals, 48 students, 24 en route and 24 terminal, were

transported to NAFEC to receive radar training and evaluation at the Dynamic Simu-

lation Facility. The students were evaluated over-the-shoulder by an instructor and

the problems were recorded by computer on mag tape and later reduced to a set of

computer-derived measures (see Table 2 for a listing of the measures used).

Five problems in increasing complexity were administered to each student. Each

instructor had an opportunity to observe each student at least once. On problems 4

and 5, randomly selected students were evaluated over-the-shoulder simultaneously and

independently by two instructors. An index of agreement (reliability) was computed

on the simultaneous evaluations by forming a ratio of the number of agreements over

the total number of error conditions recorded by the two instructors. An initial

laboratory evaluation manual and a laboratory evaluation form were developed by

consensus of the instructors in each option prior to the study; the manual and lab

form were modified during the study based on new agreements formed after reviewing

the disagreements on thc laboratory evaluation forms.

After each student was evaluated on the individual problems, each instructor pro-
vided an overall, global rating, stating the student's potential to become a full

performance level (FPL) radar controller. The rating was a 5-point global scale,

(1) definitely will not become FPL, (2) maybe (doubtful) FPL, (3) minimally acceptable

FPL, (4) good FPL, and (5) definitely eu;-Illent FPL. The global rating was based

on the instructor's observations of the student operating the radar problems.

Analyses included the following: To determine the feasibility of usihig computer-

derived measures, those measures were used in a regression equation to predict the

(i) problom average (PA), (ii) instr.Aztor assessment (IA), and (iii) total score on
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TABLE 2. A Listing of the Computer-Derived Measures and Their
Corresponding Reference Numbers Employed in the NAFEC Study

1. Conflicts (5-mile separation)
2. Conflicts (3-mile separation)
3. No. Start Point Delays
4. Start Point Delay Time
5. No. Turn and Hold Delays (turns longer than 100 seconds)
6. Turn and Hold Delay Time
7. Aircraft Time-in-System
G. No. Aircraft Handled
9. No. Coxmpleted Flights (transfers to 130.5 must be from ghost position)
10. No. En Route Departures (Code 2)
11. No. Terminal Arrivals (Code 3)
12. No. Terminal Departures (Code 4)
13. No. Air-to-Ground Communications Time
14. Air-to-Ground Communications Time
15. No. Altitude Changes (pilot keyboard messages)
16. No. Heading Changes (pilot keyboard messages)
17. No. Speed Changes (pilot keyboard messages)
18. No. of Handoffs From Feeder Position to Subject
19. Handoff Delay Time
20. No. Beacon Re-Idents

the over-the-shoulder evaluation. Further, the individual problem scores from the
over-the-shoulder evaluation were used in a regression equation to predict the
global rating score for each student. A regression analysis was performed using
the CDM and IA regressed on the global rating to compare with the PA and IA on the
global rating. The indices of agreement reliability for the simultaneous over-the-
shoulder evaluations were also computed and listed by problem and option. A
reliability index (intraclass correlation) was also performed on the global rating
data. Profiles across students and across instructors were computed by stratifying
the errors on the lab forms according to error categories identified by a group of
controllers who reviewed the worksheets. The frequencies of the errors were then
summarized by category (Table 3 contairs a listing of the over-the-shoulder measures).
An orthogonal, varimax factor analysis was also calculated to group the measures in
multidimensional space and to compare the underlying dimensions of the error
categories in the over-the-shoulder and computer-derived measures.

The reliability coefficients for the over-the-shoulder problem averages were computed
as previously described. The global rating and instructor assessment reliabilities
are intraclass correlations across all instructors for each student. The reliability
coefficients are important for several reasons. In the case of the over-the-shoulder
evaluation, it indicates the proportion of times that two instructors agreed on a

particular error marked against the student's grade. Disagreements occurred in two
ways: The instructors recorded the same event as an error but differed in the type

of error they called it, or one instructor recorded an error for an event while the

other instructor either failed to see or did not judge it to be an error. It can

be readily noted that the instructor assessment is more reliable than the problem

average. The reliability of the problem average is important since the validity
of a measure cannot exceed its reliability. Consequently, it is very important

to standardize any portion of the grading procedures that requires instructor

judgments.
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TABLE 3. A Listing of the Over-the-Shoulder Measures
and Their Corresponding Reference Numbers

I. SYSTEM ERRORS (S)

1 - Vertical 3 - Terrain
2 - Lateral, long 4 - Airspace outside radar coverage

II. SYSTEM DEVIATIONS (D)

1 - Airspace (lateral)
2 - Altitude (facility)
3 - Altitude (aircraft data block) (min. separation used, no alt. verification)

III. PROCEDURE (P)

1 - Keep them high 14 - Missed approach instructions
2 - Speed co, r'' 15 - Remarks
3 - Bad vecto 16 - Improper coordination
4 -Delav 17 -Beacon code
5 - L.O.A. (letter of agreement) 18 - Point out
6 - Holding-EAC/EFC 19 - Route
7 - WAFDF (wrong altitude for 20 - Altitude

direction of flight) 21 - Transfer control
8 - Needless altitude change 22 - Change of destination
9 - Radar contact not given to ACFT 23 - Change of ACFT. Status (VFR/IFR)
10 - No reason for vector 24 - Altitude verification
11 - Traffic 25 - Clearance

12 - Position of ACFT. Incorrect or
not given.

13 - SID (change in route)

IV. OTHERS (0)

1 - Phraseology 5 - Improper feedback of wrong
2 - Strip marking information
3 - Altimeter not issued 6 - Data block update within sector

4 - Overrestriction 7 - Board management

TABLE 4. .1-eliability Coefficients for the Over-the-Shoulder

Evaluation and Q-Sort by Option

Problem Average Instructor Assessment Total Score Global Rating

Terminal .326 .582 .433 .234
En route .294 .561 .427 .266

Model 1 (Table 5) demonstrates the ability of the computer-derived measures to
duplicate the problem average in the over-the-shoulder evaluation. The Beta weights
indicate the relative importance of each of the computer measures in the duplication
process. The "R," multiple correlation, ranges from -1.0 to +1.0 and is a measure
of the overall fit of the model. A .5212 is a moderate to good value; however, the
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value could increase considerably if the unreliability in the problem average were
minimized.

TABLE 5. Regression of Computer-Derived Measures (CDM)
on the Over-ttie-Shoulder Problem Average (PA)

Model 1

Predictors = 1-20
R = 0.5212

V BETA

1 0.1147
2 0.0365
3 0.2637
4 0.012S
5 0.1704
6 0.0126
7 0.0298
8 0.1649
9 0.1791
10 0.8536
11 0.0586
12 0.6821
13 0.2704

414 0.3552
15 0.2906
16 0.1167
17 0.0542
18 0.2582

19 0.1593
20 0.0507

Models 2 and 3 (Tables 6 and 7, respectively) demonstrate how well the computer-
derived measures duplicate the instructor assessment ana the total score. The
increase in "R" for instructor assessment is probably due to a better reliability
in the instructor assessment.

Model 4 (Table 8) demonstrates in the Beta weights a tentative schema for weighting
the lab problems to form a composite lab score. The information provided by the
problems is highest in problems 4 and 5. The maximum amount of information peaks at
problem 4. Thus, a five-problem lab grading procedure offers the most information,
but a four-problem procedure would be an efficient manner of maximizing information
in the shortest time frame. The relative weightings for five problems would be 10,
10, 15, 40, and 25, and for four problems would be 15, 15, 30, and 40.

Models 4 and 5 (Tables 8 and 9, respectively) demonstrate how well the computer-
derived measures can be used in place of the problem average in predicting the global
rating. The multiple "R" drops from .4493 to .4299, an insignificant decline. For
practical purposes, the computer-derived measures can be used in place of the
problem average in forming an overall grade. This approach would have at least one
very strong advantage. The computer-derived measures are completely reliable whereas
the problem average is considerably unreliable. Combining the highly reliable
computer-derived measure with the moderately reliable instructor assessment creates

BOO-11



12

ri
Q)

Q)u

> U)

a) (a

10 0
(N

C14 S-i H o 4L t - -

0 -I (n LC)
00 W$ OC4.~oooooo

0 1 x u 1

CH 4H H) H H H H H H (N
*H-I 1 -i
U) -4

k0

r, 0

U)w
4

U)4

)

0

iii
4-) 4-) IH r- C) to ?Ci r -%0r l(Ar -N 00 mm m N H



13

TABLE 8. Regression of 5 (PA+IA)*Probs on Global Rating

Model 4
Predictors = 1-5

R = 0.4493

V BETA B

Prob 1 0.0928 0.0062
Prob 2 0.0742 0.0043

Prob 3 0.1376 0.0096
Prob 4 0.3029 0.0147
Prob 5 0.1923 0.0090

*Problems REG. CONST. = 1.8253

TABLE 9. Regression of CDM+IA on Global Rating

Model 5
Predictors = 1-5

R = 0.4299

V BETA B

Prob 1 0.1851 0.0007
Prob 2 0.35.1 0.0012
Prob 3 0.8663 0.0017

Prob 4 0.0515 0.0001
Prob 5 0.6532 0.0012

a problem average reliability of approximately .750, which is a significant

improvement over the previously reported .433 and .427 for terminal and en route,
respectively.

kl_ The evidence from Models 1-5 suggests that the computer-derived measures are useful
and valuable contributions to the assessment process. The validity of the measures
is not established by this study; however, using the computer measures in place of
the over-the-shouideL problcm average increases the reliability significantly, and
r-iability is the upper bound for validity.

The factor analyses offer a means to (i) identify cluster areas where general measures
are incurred by students and (ii) provide a comparative basis for the underlying
structures of the two grading systems. The factor analyses pnint r'it at least two
major differences in the two evaluation models: delays and system deviations. Delays
are difficult to determine over-the-shoulder and no method was available to measure
system deviations in the computer-derived measures. A next step would be to attempt
an optimal combination of over-the-shoulder measures and computer-derived measures
to be averaged with the instructor rating.

Conclusions.

It was concluded from the regression models that the computer-derived measures predict
a global rating criterion of potential ATC on-the-job success at least as well as the
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over-the-shoulder evaluations (Models 1, 2, and 3). Further, it was found that the
over-the-shoulder evaluations are not as reliable as the computer-derived measures
(Table 3). Since reliability is in general the upper bound for validity, using
computer-derived measures would enhance the probability for higher validity. The
computer-derived measures, it appears, can be substituted for the over-the-shoulder
ratings and used to form a composite laboratory score. Model 4 demonstrates that
four or five problems should be employed in forming the laboratory composite with
unit weights of () J,9I' 117,31, and 40, or (ii) 10, 10, 15, 40, and 25, respectively.
These results havg ns for other training programs where expert observations

and ~ .~ raig CNv"" *, scoring. This study indicates that computer scoring can
provide a m\\- 1'14A reliable measurement, and this increased reliability

provides po 6~ancing a program's validity. Further research in this area

techniques ( 61 'iO) in an attempt to reach an optimal scoring schema using both
comute scrin an exertobservation. Future research should also includa a long

range validity study to determine which measurement technique is more valid in
predicting on-the-job success.

TABLE 10. Factor Analyses of the Over-the-Shoulder and Computer-Derived Measures

Computer-Derived Measures Over-the-Shoulder

Measure *Loading Measure *Loading

FACTOR 1 (Conflicts) FACTOR 1 (Conflicts)

1. Conflicts .7843 1. System Error .8188
2. System Error .6441

FACTOR 2 (A/C Workload) 3. System Error .6088
4. System Error .6836

1. Start Point Delays .4214
2. No. A/C Handled .8762 FACTOR 2 (System Deviations)
3. No. Completed Flights .7304
4. No. Arrivals .6209 1. System Deviation .5144
5. No. of Departures .5347 2. System Deviation .4163

3. System Deviation .5883
FACTOR 3 (Delays)

FACTOR 3 (Departures)
1. Turn and Hold Delays .4574
2. A/C Time in System .6302 1. Keep Them High .7902
3. Handoff Delay .4039 FACTOR 4 (A/C-Vectoring)

FACTOR 4 (Communications)
1. Bad Vector .5514

i. Air-to-Ground Contacts ;G253 2. No Reason Vector .5108
2. No. Beacon Re-Idents .49?8 3. Holding .4232
3. No. Heading Changes .4291

FACTOR 5 (Arrivals)
FACTOR 5 (A/C Direction Vectoring)

1. Missed Approach .6057
1. No. Speed Changes .7126
2. No. Altitude Changes .5284

*Only :oadings of .400 or better were retained. (TABLE 10 continued)--
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TABLE 10 continued4-++ Over-the-Shoulder

Measure *Loading

FACTOR 6 (A/C Direction)

1. Improper Coord. .5511
2. Routing Error .4294
3. Position A/C

Incorrect .4129
4. Altitude Verification .5423

FACTOR 7 (Communications)

1. Traffic .4374
2. Remarks .4863
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ATTITUDES TOWARD WOMEN'S ROLES AND ORGANIZATIONAL COMMITMENT
WITHIN THE CANADIAN FORCES. (Fri A.M.).

This paper presents preliminary analyses -f data currently
being collected by the Canadian Forces in connection with the Women
-in-Near-Combat Environments (WINCE) evaluations. Using Spence and

Helmreich's Attitudes Towards Women Scale (AWS) and Cotton's
Military Ethic Scale (MES), the attitudes toward women's roles in

society of selected samples of CF personnel are examined in relation

to a number of organizational commitment variables. In addition,
the relationships between a number of biographic and demographic
factors, and traditional versus equalitarian/profeminist attitudes

are investigated. The theoretical and practical implications of

these analyses are addressed.
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ATTITUDES TOWARD WOMEN'S ROLES:

A PRELIMINARY ANALYSIS OF
CANADIAN FORCES' PERSONNEL*

Lieutenant Diane G. Boyce and Captain Brian E. Belec

Canadian Forces Personnel Applied Research Unit,
Toronto, Canada

INTRODUCTION

The Canadian Forces (CF) are currently conducting a series of evaluations
in order to assess the impact, on operational effectiveness, of integrating women
into near-combat environments*. These evaluations are being carried out as a
result of two essential issues. The first of these was the promulgation of the
Canadian Human Rights Act (CHRA) (March, 1978) which prohibits exclusion from
occupational areas on the basis of sex - unless the employer car. establish that

such exclusion is based on a bona fide occupational requirement. rhe second issue
concerns difficulties in sustaining current and future (projected) manpower
levels. Socio-demographic analyses indicate that the traditional recruit
population (i.e., males 17 to 24 years of age) will not provide an adequate source
of personnel for projected manpower requirements into the 1980s and 1990s (Tierney,
1979; Tierney and Pinch, 1980). Given these legal and demographic trends, the
Women-in-Near-Combat Environments (WINCE) evaluations are designed to determine if
bona fide occupational requirements exist that might restrict employment of women
in nontradit3onal areas, and the extent to which women's participation may be
expanded within the military.

Research conducted in the United States has shown that, from the mid-1940s
to the early 1970s, women consitituted less than two percent of total military
strength, and were restricted largely to health care and administrative/clerical
occupatione. It has only been in recent years that women have been employed as
electrical equipment repairmen, aircraft maintenance personnel, communications

experts, and telephone linemen - among the many other nontraditional career fields
(Binkin & Bach, 1977; Landrum, 1978). Similar trends have been visible within the
Canadian military. Until recently, Canadian women were recruited to fill primarily
traditional w:)men's occupations. However, as a result 3f the socio-demographic and
legal issues noted above. women's participation within the military has been
expanded to .nclude employment in nontraditional environments. One area which may
have important implications for the integration of women concerns the attitudes
toward women's roles in society held by CF personnel, both male and female, who
may/will be employed in near-combat environments.

Attitudes toward women in society have generally been examined in terms of
traditional versus profeminist/egalitarian attitudes (Spence & Helmreich, 1972).
The traditional orientation emphasizes the "stereotypic" role of women in society,

*The views and opinions in this paper are those of the authors and not necessarily
those of the Depar~ment of National Defence. The authors wish to acknowledge the
comments of Major F.C. Pinch on earlier drafts of this paper.

**The term "Near-Combat Environments" refers to employment in land combat support
units, in noncombatant ships and aircraft, and in isolated settings.
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which distinguishes the kinds of activities considered appropriate for men and
women. Conversely, the profeminist/egalitarian perspective downplays sex-tJped
roles and emphasizes equality of men and women.

One instrument that has been frequently used to measure traditional versus

profeminist/egalitarian orientations is the Attitudes Toward Women Scale (AWS)
developed by Spence and Helmreich (1972; 1973). The AWS was recently employed in

research conducted at the three Canadian Military Colleges (CMCs) and several
Canadian civilian universities (Prociuk, 198 0)t Tn addition, it was used in
research conducted at three United States Military Academies (Durning, 1978).
Thus, the use of the AWS in this study permits comparative analysis with the
findings of Prociuk (1980) and Durning (1978).

Research over the past decade has shown that such socio-demographic factors
as age (Thornton & Freedman, 1979; Mason et al, 1976), education (Thornton &
Freedman, 1979; Mason et al, 1976), language group affiliation (Schreiber, 1975;
Pinch, 1978), and community size (Pinch, 1978) are associated with subjects'

attitudes toward women in society. This body of research suggests that better

educated women, from more urbanized and industralized centres, hold more
egalitarian attitudes toward women's roles in society. Research on the
relationships between age and sex-role attitudes (Thornton & Freedman, 1979; Mason
et al, 1975) and between language group affiliation and sex-role attitudes (Lipset,
1968; Schreiber, 1975; Pinch, 1978; Prociuk, 1980) has proved contradictory.

Accordingly, the relationships between age, level of education, language
group affiliation and community size, and orientations toward the roles of women in

society, for CF personnel, were examined.

In essence, then, this paper looks at the attitudes toward women's roles in

society, and the relationshps between these attitudes and selected demographic

variables for two groups (one female, one male) of CF personnel.

METHOD

rFor purposes of this paper, data collected from 405 Canadian Forces

personnel (277 servicewomen and 128 servicemen) were analyzed. The female sample

consisted of all the servicewomen who were preselected to participate in the WINCE

evaluations. The male sample included 38 members serving on board HMCS Cormorant

and 90 members serving with 4 Service Battalion. Data on the males were collected

prior to the arrival of females at their respective units.

Two survey instruments were administered: the Women's Trials biographical

Questionnaire (WTBQ) and the Women's Trials Attitudinal Questionnaire (WTAQ). The

WTBQ is designed to determine the socio-demcographic beckground of the respondents,

as well as some basic attitudes concerning their association with the Canadian

Forces. The WTAQ is designed to measure respondents' attitudes toward women in

society [as measured by the 25-item version of the Attituides Toward Women Scale

(AWS) developed by Spence, Helmreich & Stapp (1973)1 and witnin the CF. The AWS is

a Likert-type scale that measures attitudes concerning the rights, roles, and

privileges women have, or ought to have, in such areas as vocational and

educational choice, dating and courtship, sexual behaviour, and marital roles

(Spence & Helmreich, 1972). More specifically, it deals with such factors as

equality of opportunity for women in educational and vocational spheres, and

reflects attitudes concerning social/sexual relationships between men and women,

an6 what constitutes "ladylike behaviour" (Spence and Helmreich, 1972).Ianwhtont
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The AWS is considered a fairly reliable instrument. Measures of internal

consistency (coefficient alpha) (Nie & Hull, 1977), taken in previous research,
have produced coefficients of .038 for Queen's University students and .841 for
University of Manitoba students (Procuik, 1980).

Surveys were administered at the respondents' current places of duty by
Base Personnel Selection Officers, under guidelines established by the CF
Directorate of Personnel Applied Research, Ottawa. Coding of responses was
completed by the research staff of the CF Personnel Applied Research Unit, Toronto.

ANALYSIS AND DISCUSSION

Each item on the AWS was scored from 0 to 3, with 0 reflecting the most
traditional attitude and 3 indicating the most liberal/profeminist attitude. The
respondent's score on the scale was the sum of the scores on each of the 25 items.
Thus, scores ranged from 0 to 75.

Measures of internal consistency (coefficient alpha) for the two groups of
CF personnel produced coefficients of .798 for servicewomen and .829 for
servicemen, both of which are comparable to those reported by Prociuk (1980). Thus
it would appear that the AWS was a fairly reliable instrument for these two samples.

Prociuk (1980) found that the AWS mean scores of cadets at either Royal
Military College (RMC), College Militaire Royale (CMR), or Royal Roads Military
College (RRMC), reflect significantly more egalitarian attitudes toward women's
roles in society than those expressed by male cadets at either the United States
Military Academy (USMA), United States Air Force Academy (USAFA), or Unites States
Naval Academy (USNA). Appendix 1 lists applicable means and standard deviations.
Similar analyses indicated that there are no significant differences in attitudes
toward women's roles in society between CF servicemen and CMC cadets (either RMC,
CMR, or RRMC). AWS mean scores of CF servicemen, like tnose of CMC cadets, reflect
significantly more egalitarian attitudes toward women's roles in society than those
expressed by male cadets at the US Military Academies (either USMA, USAFA, or
USNA); (e.g., CF servicemen (48.37) versus USMA males (42.34); t(1386) = 6.09, P<
.001). As indicated by Prociuk (1980), however, any firm conclusions must be
tempered by the fact that the US Military Academies' data were collected in 1976
and general societal changes in attitudes toward women may have contributed to the
obtained findings.

In addition, the AWS mean scores for CF servicemen versus civilian college
male students were compared. No significant differences between CF servicemen and
civilian male students (for any of the comparisons) were found. This is in line
with Prociuk's (1980) finding which indicated no significant AWS mean score
differences between CMC cadets and civilian college male students.

Next, AWS mean scores of CF servicewomen were compared to those of female
cadets at each of the US Military Academies. No significant differences in
attitudes toward women's roles were found for these groups. However, the AWS mean
scores of CF servicewomen reflect significantly less egalitarian attitudes toward
women's roles in society than those expressed by female civilian college students
(either Queen's, Manitoba, or CEGEs) (e.g., CF servicewomen (55.66) versus Queen's
females (60.42); t(456) = - 4.51, p < .001). Differences '-n the educational
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levels of these two samples may explain, in part, the more egalitarian orientations
of the female Canadian college students as compared to the less educated CF
servicewomen. Similar results were reported by Mason et al (1976).

Obvious differences in AWS mean scores are indi,.ated in all of the male
versus female comparisons. CF servicemen (48.37) reflect significantly more
traditional attitudes than those expressed by CF servicewomen (55.66); t(369) = -
7.43, p < .001. Similarly, CF servicemen express significantly less egalitarian

attitudes than female cadets at US Military Academies and female civilian college
students. Finally, CF servicewomen reflect significantly more egalitarian
attitudes than those expressed by male cadets at both the CMCs and US Military
Academies, and male civilian college students. Appendix 2 shows all relevant
statistics.

As reported earlier, CF servicewomen expressed significantly more
egalitarian attitudes toward the rights and roles of women than CF servicemen.
While cognizant of the importance of gender differences in determining attitudes

toward women's roles (Erskine, 1971), it is essential to consider other factors
that might influence the obtained results.

As the average level of education for the females was significantly
different (greater) from that of the males (t(399) = 3.26, p = .001), the

relationship between level -f education and attitudes toward women's roles was
examined separately for each sex. The Pearson product-moment correlation between
level of education and attitudes toward women's roles, for CF servicewomen, was
.16, p = .005. This finding is consistent with the results of previous research
which suggest that egalitarian cex-role attitudes are positively related to level

of education among women (Mason et al, 1976). This relationship was not

significant for CF servicemen.

For the entire sample of CF personnel, the Pearson product-moment

correlation between the size of community during adolescence and attitudes toward

women's roles was found to be ., < (.04. Although the small absolute value of
this correlation means that any conclusions as to trend must remain tentative, the

relationship is in line with thc pattern found in previous research, where levels

3f urbanization and industralization were shown to be positively related to
egalitarian attitudes toward women.

While Thornton and Freedman (1979) reported that there was an inverse

relationship between age and egalitarian attitudes toward women, other research has

shown either that there is a positive relationship between age and egalitarian sex

role attitudes or that age has no effect on attitudes (Mason et al, 1976). The

results obtained here are consistent with the latter finding, i.e., no significant

relationships were found between these two variables for either males or females.

Examination of AWS mean scores reveals no significant differences between
Anglophone and Francophone servicemen. This finding is consistent with the results

obtained on male cadets at CMCs by Prociuk (1980). However, Anglophone

servicewomen (54.6) were more egalitarian than their Francophone counterparts

(51.0); (t(275) 2.21, p < .03).

-' I *BOY-4
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While Anglophones have historically been considered to hold more
contemporary views on a wide variety of issues than their Francophone peers
(Lipset, 1968), recent studies have shown either that Francophones are more
egalitarian than Anglophones (both Canadian and American) (Schreiber, 1975; Pinch,
1978), or that 'There are no differences between Anglophones and Francophones in
their attitudes toward women's roles (Prociuk, 1980). Given these contradictory
findings, the problem becomes one of determining what factors might contribute to
the differences In attitudes between Anglophone and Francophone servicewomen.

Comparisons of mean scores indicate significant differences between
Anglophone and Francophone servicewomen with respect to age (26 years versus 24
years; t(273) = 3.06, p=.O02), level of education (grade 12-13 versus grade 10-11;
t(275) = 2.51, p < .02), and size of community (15,000 population versus 7,500
population; t(273) = 2.72, p < .01). Thus, in this sample, the Anglophones were
older, better-educated, and from larger communities than the Francophones. Future
research will ascertain the relative importance of each of these variables in
determining the differences in attitudes toward women's roles for CF servicewomen.

These differences between Anglophone and Frarncophone servicewomen might
suggest that Francophones would be more reluctant to assume nontraditional
employment or, indeed, to remain in the nontraditional settings to which they are
assigned, than their Anglophone counterparts. This was not borne out, however, as
no differences were found between their decisions regarding participation in the
trials. In other words, servicewomen who expressed traditional attitudes toward
women's roles were as willing to assume nontraditional employment within the
Canadian mi'itary as those servicewomen who expressed egalitarian/profeminist
attitudes.

This suggests that factors other than attitudes toward women's roles may be
operating. One possible set of factors revolves around differences in "military
ethos" (Cotton, 1979; Prociuk, 1980); that is, between an "occupational

orientation" (i.e., the roles and obligations of military personnel are limited to
those relevant to civilian employment settings, and involve formal, contractual
arrangements and limited liability) and a "vocational orientation" (i.e., military
personnel have unlimited liability and an "implied contract" and should put service
and duty first, regardless of personal consequences) toward military service. It
may be that vocationally oriented servicewomen are more likely to assume
nontraditional military employment than those who adhere to an occupational

4 orientation. This issue remains to be addressed in subsequent research.

SUMMARY AND CONCLUSIONS

This paper presents a preliminary analysis of the data currently being
collected by the CF in connection with the Women-in-Near-Combat Environments
evaluations. Using the Attitudes Toward Women Scale-, the attitudes of a sample of
Canadian Forces personnel, toward the roles of women in society, were compared to a
number of other military and civilian groups. Also, the relationships between
several biographic and demographic variables and these attitudes were investigated.

BOY-5
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The results indicated that the attitudes toward women, expressed by CF
servicemen, were compArablt with those expressed by other militiary and civilian
male . ar-. ps. The attitudes of CF servicewomen were found to be similar to those
expressed by other military female samples, but tended to be more traditional than
those of the selected civilian female samples.

The obtained results indicated that CF servicemen were more traditional in
their attitudes toward women in society than CF servicewomen. One practical
implication of this finding, with respect Lo the integration of women in.o
near-comoat environments, is the possible reluctance of servicemen to readily
accept servicewomen in nontraditional roles. Such a lack of acceptance may have a
negative effect on unit morale and operational effectiveness. In addition, the
analysis revealed a significant, but weak, positive relationship between size of
community and attitudes toward women for CF personnel.

Finally, for servicewumen, it was found that Anglophone servicewomen tended
to be older, better-educated, and from larger communities than their Francophone
counterparts. Moreove:, A.igicphones were more egalitarian than Francophones in
attitudes toward woman's roles. Despite no differences in respondents' willingness
to participate in the WINCE evaluations, one implication of this finding is that
Francophone servicewomen may have more problems adapting to nontraditional roles
than Anglophone servicewomen. Subsequent research will address this issue.
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APPENDIX 1

ATTITUDES TOWARD WOMEN SCALE SCORES FOR

CANADIAN MILITARI COLLEGES,

UNITED STATES MILITARY ACADEMIES,

CANADIAN CIVILIAN COLLEGES,

AND CF PERSONNEL

ICOLLEGE IMALES FEMALES

IN IMean I S.D. N jMeanjS.D. I
CANADIAN MILITARY COLLEGES

RMC 380 48.95 9.99
CMR 296 48.34 9.60
RRMC 188 48.46 9.91

UNITED STATES MILITARY ACADEMIES

USMAa 1277 42.34 9.91 115 57.33 9.96
USAFAb 367 43.10 12.38 42 54.09 12.35
USNAc 825 41.67 8.90 62 54.47 9.82

CANADIAN CIVILIAN COLLEGES

Queen's 132 51.74 10.72 194 60.42 I 8.56
Manitoba 88 47.81 11.53 131 60.30 8.99
CEGEPs 100 49.33 11.09 112 60.90 8.35

CANADIAN FORCES PERSONNEL

Iil11* 48-37  9.81 f 2614' 55.661 8.11

allnited States Military Academy; burtited States Air Force Academy;
CUnited States Naval Academy

*Variations from total sample sizes accounted for by missing data.

Source: Data for U.S. Military Academy cadets from Durning (1978; p.
578). Data for CMCs and Canadian civilian colleges frcmn Prociuk
(1980, P.34). Data for CF personnel from CFPARU, RIS (WINCE)
File (September, 1980).
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APPENDIX 2

TABLE OF t-STATISTICS
FOR COMPARISON OF AWS SCORES

COMPARISON GROUPS df t-STATISTIC

CF servicemen vs. RMC 489 ' .531 n-s.
CMR 405 .027 n.s.
RRMC 297 - 08 n.s.

CF servicemen vs. USMA males 1 1386 6.09 ***
females 224 -6.53 **

USAFA males 476 4.47 ***
females 151- 3.18 *

USNA males 934 7.44 **

females 171 -3.65 **

CF servicemen vs. Queen's males 241 - 2.34 n.s.
females 303 -13.39 ***

Manitoba males 197 .38 n.s.
females 240 - 9.11 **

CEGEP males 209 - .66 n.s. 
females 221 - 9.87 ***

I CF servicemen vs. CF servicewomen 369 - 7.43 ***

I CF servicewomen vs. RMC 642 9.40 ***
ICMR 568 10.25 ***
IRRMC 450 8.09 ***

CF servicewomen vs. USMA females 377 - 1.814 n.e.q
males 1 1539 19.88 ***

USAFA females 304 1.29 n.s.
males 629 14.54 ***

USNA females 324 1.005 n.s. I
males 1087 22.92 ***

CF servicewomen vs. Queen's females 456 1 - 4.51 * I
males 1 394 I.93 ***

Manitoba females 393 - 5.06 '**

males 350 7.214 ***
CEGEP females 374 - 5.824 ***

males 362 5.85 ***

**p < .01; ***p < .001; n.s. = not significant
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BURKE, William P., Army Research Institute, Fort Benning, Georgia.

EFFECTS OF RESPIRATION CONTROL ON STRESS AND PERFORMANCE OF

tJUMPMASTERS (Wed P.M.)

IThe Jumpmaster Course at Fort Benning, Georgia, trains airborne

personnel to conduct airdrops of men and equipment and features
relatively stressful training jumps during which instructors grade
the performance of students acting as jumpmasters for actual

airdrops.

One class of Jumpmaster students was divided into pairs matched

by rank and the members of each pair were randomly distributed into
either an experimental or a control group. The experimental group
was taught a method of respiration control to be used imr..ediately

before and during training jumps. The groups were then compared on
heart rate, perceived stress, and grades received for performance as

jumpmasters during training jumps.

The results showed that the experimental groups bad

significantly lower heart rates during the two night jumps of the
course - jumps which, because of limited visibility, are somewhat

more dangerous and therefore more stressful than daylight jumps.

There were no other statistically significant differences between

the groups.
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EFFECTS OF RESPIRATION CONTROL ON STRESS
AND PERFORMANCE OF JUMPMASTERS

William P. Burke

US Army Research Institute Field Unit
P.O. Box 2086, Fort Benning, Georgia, USA 31905

INTRODUCTION

Several laboratory studies have indicated that regulating the r-te of
breathing can serve to reduce physiological and psychological arousal in stress-
ful situations. Brief training to reduce the breathing rate below normal. in
a stressful situation (the threat of receiving "painful" electric shocks),
where the natural tendency of the body is to hyperventilate, has been shownL by
McCaul and his colleagues (1979) to reduce arousal, as measured by skin resis-
tance and finger pulse volume (but not h2art rate), as well as self reports
of anxiety. Other studies varying both the rate and the depth of respiration
have demonstrated that large decreases in heart rate can be produced by deep,
slow breathing (Laird and Fenz, 1971; Westcott and Huttenlocher, 1961).

Respiration control has also figured prominently in a stress-management
training program for novice skydivers. For several years, Walter Fenz of the
University of Waterloo, in Canada, has been studying sports parachutists and
has found that individuals who are rated as good performers at free-fall para-

4chuting show a different pattern of heart rate response to the various
activities preparatory to a parachute free-fall than do those rated as poor
performers (Benz, 1973; Fenz & Jones, 1972, 1974). He and his associates have
found that, while poor performers show a relatively rapid increase of rate of
heart beat from the time at which they first arrive at the airport on jump day,
through boarding the aircraft, to reaching final altitude for the jump run, the
heart rate of good performers peaks when boarding the aircraft and declines,
thereafter, during engine warmup and the climb to final altitude. By the time
of the jump run over the drop zone their heart rates have declined to the levels
at which they stood when the individuals arrived at the airport that morning.

With reference to stress-management training, Dr. Fenz's most important
pcoject is one recently completed in collaboration with G. Brian Jones (see
Fenz, 1975) in which they developed a p.ogram of mental and physical techniques
(including deep, slow breathing) aimed at the control of involuntary stress
reactions. In this research, they monitorei the heart rate of individuals in
two groups of novice parachutists, one group of which received the stress-
management trai-ting and one of wihch did not, during their first jumps and~during their first free-fells. The two groups showed heart rates which were

significantly different after bodrding the 'aircraft for both jumps. The most
important aapect of these differences is that the heart rate response of the
untrained jumpers reaembled that of the poor performers in Fenz and Jones'
earlier stuaies, while the heart rate of the trained group resembled that of
the good performers in the prior studies. The training procedures had appar-
ently prepared novice jumpers to approach the most critical of their early
jumps in similar physical, and, ,resumably, mental states, to those of Jumpers
of far greater experience and ability.

These studies, from both the laboratory and che field, indicate that
control of the rate and depth of respiration ian lead to the control of both
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psychological and physiological indicators of stress. Furthermore, the Fenz
research suggests that heart rate, which has been shown in the laboratory to
be influenced by patterns of breathing, may be related to quality of perfor-
mance in stressful situations.

To test the effects of respiration control as a stress-management tech-
nique for uze by the U.S. Army, an eval,.ation experiment was done with students
going through the Jumpmaster Course at Fort Benning, Georgia. The Jumpma ter
Course provides some of the most favorable conditions in which to test the
effectiveness of stress-management techniques. Performahce in this course is
graded by instructors in an aircraft in flight with the students under extreme

time pressure to complete a series of critical actions and inspections which
prtpare other men, equipment, and themselves for an airdrop. Onl) a brief

association with jumpmaster students prior to their boarding the aircraft to
m3ke those graded training jumps is necessary to convince the observer that
performace in the Jumpmaster Course is a stressful experience for most men.
The stress appears to be the result o.. a combination of both harm anxiety and

failure anxiety (Basowitz et al, 1955). Althcv~gh most of the men in this
cor-se are experienced parachutists they have had little experience at working
around the open door of an aircraft in flight and an Initial aprrehension about
that experience must be overccme. Failure anxiety appears to be the prime
stressor in the course, however, since these men, i.n the main, are highly
motivated to do tell in whatever training they attempt, and critical, irre-
trievable errors, causing their failure from the course, can be comnitted in
seconds. The in-flight grading procedures used in this course are extensive
and highly detailed and can serve as suitable performance measures against

which to test the efficacy o2 any stress-management techniques.

METHOD
Procedure

The men used in this study were the atudents of one class of the Jump-
master Training Course at Fort Benning, Georgia, and they ranged in rank
from Captain to Prixate First Class The initial selection of individuals to
be included in the experimenta2 and control groups for the experiment proceeded
as follows:

On inprocessing day, the first day of the course, the class was arranged
by the! jumpmaster cadre in descending order, Dy rank, with Captains listed
first, followed by Lieutenants, sanior NCOs, and so on, down to the lone PFC

in the class. The studentE were then broken down into 2-man teams startirg at

ti - heed of che list mc.ig down and these teams, usually composed of mea of
equal rank, worked together throughout the course practicing and performing
their skills. It was decided that subjects for this experiment should be
matched by rank thereby to control to some extent for differences in airborne
and service-related exde'ierces. Accordingly, one man from each of the above

mentioned 2-man teams was selected for inclusion in the experimental group
which i:as to be taugit the respiration control technique. Selection witbin
teams was made by the flip of the coin, thereby providing ra,,dom selection
withi.n matched pairs.

The Jumpmaster Course Curriculum. The course is conducted over two full

weeks ot treining. The first week is primarily one of classroom training and

hands-on practice at rigging anid inspecting various parachute harness arrange-

ments. The second week begins with a day of a written general knowledge exam
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and two hands-on harness inspection exams and consists from the second day on
of flights and jumps over the drop zone.

t There are five training jumps in the second weak. First, there are both a
day and a night orientation jump during which the students are taught to recog-
nize, under both daylight and night-time conditions, the checkpoints on the
ground indicating time and distance away from the drop zone. E-er' student
makes a parachute jump at the conclusion of each of those orientation flights
which will be designated hereafter as the Day and the Night Orientation Jumps.

During the next flight, one member of each pair of students is graded
Whil pcrfrmi- , as d jumpmaster and, after going through a series of commands,
inspections, aild Jecisions about posJtion of the aircraft relative to the drop
zone, he puts out the door a neavy bundle of equipment kweighing approximately
200 Ibs) as well as his partner who is used to represent a line or "stick" of
jumpers. When both door bundle and jumper are gone, the jumpmaster himself
follows. This is the Door Bundle Jumpmaster routine for what will be referred
co, here, as the Day Graded Jump.

Later that day, after night falls, the class flies again and this timn
every man in the class wears combat equipment and is graded while performing as
a jumpmaster. For this routine there are no actual Jumpers other than the
jumpmaster himself even though the student goes through his routine as though
he were giving jump commandq to other individuals. This :is the Combat Equip-
ment Lumpmaster routine for what will be called the Night Graded Jump.

The final flight takes place the following day (weaLher permitting) when
the remaining member of each team, the one who served merely as a jumper on the
Day Graded Jump of the preceding day, is graded while acting as the jumpmaster
and he, then, puts out a door bundle, his partner who is now serving as a
jumper, and himself.

Grading System for Performance in the Aircraft. Each student, as he go-s
through his routine serving in his turn as jumpmaster, is closely attended by
two members of the jumpmaster cadre one of whom grades his performance and the
other records the result. Each student is given a cushion of 30 points out of
which he may be penalized for errors in his performance and still pass the
course. If, on any jump, he loses more than 30 points, he fails and leaves
the course immediately thereafter. Each of the important actions of the jun;p-
master routine is assigned a specific number of points which are lost if the
individual either forgets to perform them or performs them improperly. Points
lost range from a single point assessed for a weak or late performance of non-
critical actions, such as being one second late in getting the jumper away, to
a maximum cf minus 35 points for failure to perform actions oi extreme Impor-
tance such as hooking ip the static line (ahich automatically deploys the main

rparachute) -- a life-threatening error.

Training Session. All students initially chosen for the experime-.tal
group were taught the following breathing sequence:

Sharp intake of deep breath; press diaphragm down gently; hold for
8 se:onds: release over 4 seconds; hold without breathing 4 seconds;
take one regular breath; repeat from the beginning.

It was related to the group that this method (slightly modified by inser-
tion of instruction about pressing down with the diaphragm) was used by Fenz in
training his novice skydivers (Fenz, Nota 1) and was also used by him (and a

similar technique by others) in laboratory expeciments in which heart rate was
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lowered by as much as 30 beats per minute (Laird 6 Fenz, 1971; Westcott &
Huttenlacher, 1961).

To underscore the potential of this method, they were also informed that
breathing techniques closely resembling this one (including the instructions
about the diaphragm) are used in various practices of Zen Buddhism including
the Zen art of archery (Herrigel, 1953), a form of archery practiced for
centuries by the Japanese and widely known to produce archers who perform
prodigious feats with a bow and arrow.

The students were asked to practise the technique often prior to the
beginning of the training flights dLring the following week and to try to
develop an ability to breathe in that manner without conscious thought, admit-
t,.dly a difficult goal to achieve.

They werp instructed to actually use the technique whenever they were
beginning to feel themselves becoming "too tight" for their best performance
whil,2 they were waiting to go through their jumpmaster routines or to make
a jump. Since, as raentioned earlier, only two students could be graded at any
one time, the remaining students would have long periods of flight time to
bridge while awaiting their turn. It was during these periods and a similar
period waiting to board the aircraft prior to a flight, that the students were
advised to use the technivues, In addition, since it was doubtful that most
students would practice the technique enough to be able co do it in the
recommended manner without conscious thought, they were told not to deliber-
ately try to breathe in that fashion while being graded on their routines. It
was feared that this would have a disruptive effect on their performance and
unfairly pen ,iize them relative to the me',bers of the control group. These
instructions consequently insured that any effects of the experimental tech-
nique would be residual ones from having used it prior to their actual perfor-
mance.

Data Collection

Two types of data were collected for this experiment: measures of perfor-
taiice and measures of stress. The performance measures were the scores from
the graded jumpmaster routines. The stress measures were heart rate measure-
ments made immediately prior to the jumpmaster performances and end-of-course
ratings by each individual of the stress he perceived himself to be under
during certain key events of the course such as when going through the Door
Bundle Jumpmaster routine.

Performance Measures, The performance measures came from the grades,
described earlier, given to each individual for his performance as a Door
Bundle Jumpmaster and a Combat Equipment Jumpmaster.

Heart Rate Measure. The physiological measurement of stress for this
s'udy was heart rate per 15 second period taken from the pulse in the carotid
artery under the jaw at the side of the neck. The heart rate measure, while
certainly not the only or necessarily the most valid indicator of the stress-
ful condition, was chosen because it was the prime indicator in the skydiving
studies (Fenz, 1975) and was, in that program of research, shown to be a lable
measure of stress and one that tracked changes in respiration, both up and
down, and led the more refractory measure of basal conductance from point to
point.

i BU-4
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The method of measuring the heart rate by taking the pulse by hand with
a stopwatch from the caro'tid artery was chosen because it was a quick and
reasonably accurate method of taking measurements on large numbers of indi-
viduals without disrupting their activities or disturbing their equipment, a
sensitive point during airborne operations.

The heart rate readings were taken by the experimenter on each individual
at that point in each flight into the drop zone at which the men to perfurm
on that pass had risen to hook up their static lines and moved back toward the
open jump doors to begin their graded roitine. Since the first pass over the
drop zone for all training flights was always to put out jumpers who were not
in the class, the cue to take the heart rate measure in the first two and all

succeeding pairs of students was that, when the jumpers of that pass stood up
to hook up, the next two students in line, those who were then the ones seated
nearest the open doors, would be measured. The measurement was thus taken
while the students being measured were still seated and were watching the per-
formance of the pair that had preceded them.

No difficulties were encountered in finding and measuring the pulses of
most students in the aircraft. Some could not be located at the carotid
artery and were thus measured at the wrist. For one individual, on one single
flight, the pulse could not be located for measurement.

In order to transform these raw heart rate measures into a scale of units

by which individuals could be compared, one to another, the final form of the
heart rate data was to be change-in-heart rate expressed as percent-of-change
from baseline measure. Baseline heart rate for each individual was established
by taking the average of two readings made early in the first week of the
course under nonstressful conditions. The first reading was taken on the
morning of inprocessing day, the first day of the cour.%e. In order to produce
a more stable measure to serve as a bas-eline for comparisons, a second reading
was taken two days later during a break between classrcom sessions. This
second reading was then averaged with the first. The two baseline measures
were highly correlated (r = .79, p = .001). Subsequent heart rate readings,
taken undei .,,nditions of stress in the second week of the course, were then
transformed into measures of percept-of-change from this baseline, thus
establishing a comparable zero point for all individuals in the study.

Perceived Stress Measure. At the end of the course, in the morning of
graduation day, the surviving class members (some had failed during the graded
jumps and had departed) were given a questionnaire asking them to rate, on the
scale below, the amount of stress which they felt themselves to be under during
events such as the two orientation at.d the two graded jumps:

Not Successful Borderline Slightly Moderately Considerably Extremely
At All Stressful Stressful Stressful Stressful

1 2 3 4 5 6

Those individuals who failed during the graded flights and left the course
immediately upon returning fron. the drop zone were given stress questionnaires
by the cadre to be filled out before they left or done at home and returned by
mail,

BU-5

-- - ' . - - - '-



Selection of the Final Groups. The initial assignments of students to
the experimental group yielded a group of individuals who were at least
passive volunteers for the experiment, who attended the training session, and

knew what to do and when to do it. A question of vital importance, however,
for the interpretation of the results of the experiment was did they actually
utilize the technique when they came under stress and, if so, to what extent?
To insure that for the fina] data analysis the experimental group contained

only those individuals who actually used the technique, questionnaires were
distributed after the end o( the course asking the experimental group members
to rate the extent to which they used the deep breathing technique during the
second week of training, The following 4-point scale was used:

Never A little Some A lot

1 2 3 4

In addition, the questionnaire also provided space for free comments about the
experiment. From a joint examiinatLrn of both the extent-of-usage questionnaire
and the free comments, augmented by discussion with individuals in the experi-
mental group, it was apparent that the selection of the response "A little" on
the above question was a polite way to say that the technique really wasn't
used at all.

For those reasons selection of the responses "Never" and "A little" were
taken as disqualifiers for inclusion in the experimental group and only those
individuals laiming to have used the technique "Some" (six respondents) and
"A lot" (two respondents) were included in the final experimental group0 One
individual from the Lnitial experimental gStoup who failed the course and didn't
fill out the post-course usage questionnaire was ratained in the final experi-
mental group. In a similar manner, the final control group was constituted
according tc how they responded to a questionnaire which asked them what
techniques, if any, they may have used to "psych themselves up" or calm them-
selves down prior to performing as jumpers or jumpmasterso Three of the
control group students, including one who wrote as though his personal tech-
nique would be hard to believe, reported that they used slow breathing to heic
them during the stressful parts of the course and they were dropped from the
control. group as a consequence.

The final matching of the reduced list of experimental subjects with that
of the contrls was accomplishd by starting with the PFC at the bottom of the
list and, proceeding upward, retaining all the original pairs matched by rank
which had survived all deletions and by creating new pairs where an experimental
student had lost his old pair by his having either failed the course prior to
the aircraft performance phase or been disqualified for having used olow
breathing on his own. New pairs were made by matching unpaired experimentals
with unpaired coatrols higher up the list, therefore, with a man of equal or,
quite often, slightly higher rank, Individuals who failed during the aircraft
phase for which the stress-mana'.gement technique was intended -vere retained in
the experiment and their data were analyzed along with the rest.

After deletlon of individuals from the experiment due to classroom fail-

ures, jump injuries, and questioanaire responses, the final list coutained nine
pairs of individuals with two eligible control group individuals unpaired and
unused.
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RESULTS

The data from the three criterion variables for the comparisoi.s between

the experimental and the control groups are summarized in Table 1.

Heart Rate Differences

From the top section of Table 1, it can be seen that heart rates,
expressed as percent change from baseline, were, at the time of measurement,
lower on average, for the experimental students than for their matched controls
for every training jump in the course.

Uncertainty about the actual level of measurement represented by scores
on this and the remaining criterion variables, led to the choice of nonpara-
metric statistic, the Wilcoxon matched-pairs signed-ranks test for the analysis
of all the data in Table 1 and all analyses were done using the SPSS computer
program for that technique (Nie and Hull, 1977). Wilcoxon tests on the heart
rate data from each jump established that the experimental group had heart
rates significantly lower (z - -1.78 and - 1.96, p = .04 and .03, 1-tailed test,
respectively) than their matched controls for both of the two night jumps but
the differences between the groups on the day jumps were not significant.

The diffe.rences in the number of individuals in the groups over the jumps
reflects, for the Day Orientation Jump, the inability to find a pulse on one
of the experimental students while, for the Day Graded Jump, the differences
result from the fact that two of the experimental students failed the course on
the Night Graded Jump in what .as, for them, their first and only performance
as a jumpmaster. Thus, they were never tested as Door Bundle Jumpmasters

during the day flight.

Perceived Stress Differences

Though the experimental group as a whole rated itself as being under
slightly less stress than did the control group during each jump the differ-
ences were not significant.

The number of individuals listed for these comparisons is eight because
one of the experimental students failed the course on a night flight. He
departed the post without filling out the perceived stress questionnaire and

failed to return a questionnaire sent to him by mail.

Performance Differences

Only the last two jumps listed in the table were graded and for neither
jump was there a significant difference between the two groups in performance.
For the Day Graded Jump, the experimental group, now reduced by two individuals

who failed earlier, averaged considerably fewer points lost than the control
group. Although nonsignificant, (z = -1.26, p = .10, 1-tailed test) this com-
parison suffered from the low number of individuals involved and the difference

obtained is suggestive of a treatment effect.

On the Night Graded Jump, two experimental group members did poorly
enough to fail and the higher average for points lost of the group reflects
those failurfes.

'I
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DISCUSSION

The clearest outcome of this research is that an evaluation experiment of
this type conducted in an operational environment is a difficult undertaking.
Respiration control was presumably effective in reducing the heart rates of the
experimental students relative to the controls on two training jumps, both con-
ducted at night, when, due to limited visibility, parachute jumps are somewhat
more dangerous and therefore more stressful. The technique was not, appar-
ently, a great aid to performance in this setting. Only three students
performed so badly during the graded jumps that they failed the course as a
result -- two of them were members of the final experimental group and one had

been included in the initial experimental group but was dropped from the final
group due to having reported that he used the technique only "a little."

Considering the data from this experiment, overall, it is noteworthy that,
for every comparison between the experimental group and their matched controls
save one -- points lost during the Night Graded Jump -- the experimental group,

on average, did better than the controls. While there is no statistic appro-
priate for Q-13sing the statistical significance of this outcome, these
results do seem to indicate a possibility that respiraticn control did have
some generally helpful effect.

The only judgment which can be given at this time on the effects of
respiration control as a stress-management technique is that it apparently
worked at times in this experiment to control heart rate and that, although it
wasn't established by the evidence here, it is still possible that It was of, marginal value in performance. It was, perhaps, the nature of the men who

participated in this experiment that worked to obscure whatever power the tech-
nique may possess to enhance performance. The Jumpmaster Course was chosen for
this research because of the relatively exact performance measures which it
provides and because the students who go through the course are, in the main,
dedicated individuals who could be depended upon to give the technique a good
test. However, they are also, on average, relatively experienced with and
competent at training of a demanding nature similar to the activities in this
course. A technique which might have been of considerable benefit to indi-
viduals less adept at performance under such conditions would have a smaller
effect for these mnn and, thus, for that effect to show through all the
uncontrolled variability in the scores, would require sample size much larger
than the one possible here.

In sum, considering all the factors involved, respiration control appeared
to be a limited success at controlling one aspect of stress under the condi-
tions of this experiment. As such, it requires further study to establish its
usefulness to the military.
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FEASIBIL[TY OF LOW-COST SIMULATION FOR SHORT RANGE AIR DEFENSE

Richard J. Carter
US Army Research Institute for the Behavioral and Social Sciences

Edward W. Frederickson

Applied Science Associates, Inc.

Background

Studies are currently being undertaken to establish air defense

command and control system requirements essential to the accomplishment
of the air defense mission and to evaluate equipment performance and

doctrinal concepts. An important, critical part of the above system re-

quirements is information concerning short-range (SHORAD) and man-
portable (MANPAD) air defense weapon system personnel detection and

recognition capabilities. This information is however difficult to

obLain because of the high cost of live aircraft support and of the

nonavailability of foreign aircraft.

During the interval 1964 through 1976, the Army supported atn exten-

sive program of research aimed at developing a data bank concerning the

capabilities of operators of forward area air defense weapons to detect,

identify, and estimate the distance of low-flying aircraft. However,

these studies had to be conducted in a part-task evaluation environment.

That is, each of these critical tasks was studied in isolation from the
other components of the total operational sequence. Part-task research
only was conducted because the sponsoring agencies had a need for data

indicating maximum and average target detectiut, an- idcntif
4iation _

ranges. As a result, there is a lack of information concerning an oper-

ator's abilities in performing part-task components when they are em-

bedded in whole-task performance requirements.

Feasibility Study

A paper-and-pencil study is on-going at Fort Bliss to determine the

feasibility of using a low cost simulation facility for assessing the

performance capabilities of operators of man-ascendant forward area Air

Defense weapon systems. A man-ascendant system is one that relies on

human input to the coatrol, operation and decision making functions of

a system. These inputs are based upon perceptual, psychomotor and cog-

nitive processes in man's functioning as a systems operator. ?he

processes occur simultaneously, thus resulting in a complex man-machine

operation. It is the measurement of the behavioral results of the inter-

action of these processes with the system's environment that is of in-

terest in answering th-: simulation feasibility question.

The weapon systems of concern are the man-portable REDEYE ane its

successor, the STINGER, missile systems, and the short range Vulcan gun

system and Chaparral missile system and their follow-on systems, the

DIVAD gun system and ROLAND missile syster. In all cases, the human

operator must visual)y search for and detect aerial targets that pose a

hostile threat to defended sites. They must identify the target as
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hostile and then decide whether they can engage selected targets. Some
systems require that the operator, without aid, track the target wh'ile
-athering information and then throughout the engagement. The degree to
which the human operator cannot perform the entire engagement sequence
from searching to weapon firing defines the degree of system degradation
in its capability of completing Its mission.

SIMFAC Simulation Purpose

The driving aspect for developing the simulation is the purpose
which it will accomplish. In SIMFAC, the primary purpose is:

To determine the feasibility of building a simulation facility
which could be used to develop data bases of forward area
Air Defense weapons system operator performances that would
not be significantly different from performance data obtainedunder real world conditions.

The question of how well the range of human operators can perform
the entieo sequence of procedures has not been empirically determined.
Most studies of forward area weapon operator performance have been part
task studies. Behavioral science research has shown time and time again
that there is a distribution of performance levels for specific behaviors,
and that each individual performer does not usually perform at the same
level on different but related behaviors. In fact, in some cases, 3n
individual may perform one behavior very well, but may do very poorly on
anothei. The implications here are that the assumption of population mean
behavior on each subtask may lead to incorrect conclusions about system
capaul"itics z- effertiveness. Therefore, the intended use of the Esi.-
lation facility is to focus on whole to!,k measurement ratter than on a
part task level but yet have the capability of gachering data on part t,.sk
performance on a non-interfering basi-.

The ideal situation for determining performance capability would be
to use the real world environment that would be expected to exist in com-
bat. This would be very costly, tie up tremendous amounts of resources
and logistically be very difficult to manage. The decision then was to
determine if it would be cost-effectively feasible to use some r resenta-

tion of the real world and still obtain performance data that would match
cr come close to that which would be obtained in the ideal situation. The
major issues then became those of determining what aspects of the real
world need to be represented to produce valid estimates of operator per-
formance and how this should be done. Tle two questions are interrelated
in that with some forms of representation of the real world some analyti-
cal data would not be needed but with other forms much more detailed Il-
formation would be required.

An analysis of the SIMFAC purpose led to additional requirements that
the simulation model must meet, further constraining the simplification

c,,
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analysis. First, the operator vhose performance is to be assessed must be
allowed to complete the entire engagement sequence without interruption by
the measurement process. It is required that performance be measured at
least at the task level, and preferably have a capability of measurement
at the skill level of job description. Performance is to be measurcd over
a range of exogeneous parameters and variable levels. It is desirable
that. performance be measured under conditions where the interactions be-
tween variables change during the engagement. And, finally, it would be
desirable to be able to use the same facility with all tiurrent and future
MANPAD/SHORAD weapon systems. The data bases to be generated by use of
the facility will produce statements descriptive of the performance rela-
tionships of individual tasks with each other, and also between individual
tasks and the outcome of the entire engagement sequences.

The SIMFAC purpose would imply that isomorphism would be required in
the measurement environment--preservation of the velationships between ele-
ments which must be represented in a one-to-one correspondence from the
real world. The accepted approach, however, usually is to use homorphism,
a "like form" representation of elements. Sach real world representation
is commonly referred to as the process of simulation. Simulation, however,
is both narrowly and broadly defined. Redgrave (1962) provides a useful
definition by emphasizing transformation for the convenience of meeting
special purposes. Simulation, he says, iF a representation or technique
which transforms, either iconically or Ly abstraction, selected aspects of
the real world out of their resident framework into a form more convenient
for the analyst's purpose.

The broad definition of simulation explicit in Redgrave's definition
will be used in this paper. Implicit in most definitions of simulation is

the concept of modeling the real world. A model is the basic representa-
tion of a real situation or environment. A model consists of a descrip-
tion of the important elements of that which is modeled and their func-
tional relationships. The descriptive model then is transformed into a
simulation model to meet specific functional needs--either prediction or
comparison. Initiaily, the SIMFAC project is interested in the prediction
of operator performance over a variety of conditions typical of the Air
Defense mission. This would embody the establishment of standards of ex-
pected operator performance. At a later time, there may also be an inter-
est in comparing performance of individuals or groups under various sets
of conditions. The use of the simulation facility would provide for a
logical way to forecast the outcomes of alternative operational proced-
ures. Given sufficient empirical data, future computer simulations of
the descriptive model could be run that would provide for a systematiz,
explicit and efficient way for decision makers and planners to determine
deployment and engagement doctrine.

When planned for or at least anticipated, simulation could be used for
possible controlled experimentation in situations where real world experi
mentation would be impractical or prohibitive. In those instances where
the impact of situational complexity on operator performance is of
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experimental interest it is critical that the descriptive model be complete
in every detail. Complexity derives from the interactions among system
elements and the physical aspects they must deal with. Changing one aspect
of a system or physical environment may weil produce unpredicted changes
or create a need for changes in other parts of the system. So the approach
to simulation must meet all requirements for accomplishing its purposes.

Model Characteristics

in the development of simulation facilities, Shannon (1975) stresses

that several modeling questions must first be addressed. The dimensions

of the model must first be selected to the degree possible. At least the
first t-hree of the following four characterstics must be determined be-
fore a model can be built:

1. Static vs dynamic
2. Deter inistic vs stochastic
3. Discrete vs continuous
4. Iconic vs analog or symbolic

Since the focus of the SIMFAC project is on whole task performance,
we could not meet the measurement objectives by reducing the engagement se-
quence to static cross section segments. So the model must be dynamic.
The MIMIPAD/SHORAD opezators employ real-time control skills where error
correction is essential in order to cope with deviations and unexpected,
rapid changes ii, a target's behavior. Tberefore, changing (dynamic) condi-
tions in the envi.'onment are critical in accurate measurement oi perform-
ance. To use other than a dynamic simulation would be an unjustified
simplification leading to erroneous extrapolations of performance. A
second dynamic requirement is that whole task performance studies have
not used objective measures to a sufficient degree, and whole task perfonl-
ance may not be inferred from part task measures.

The specific impact on performance of many variables is not known,
and many of the interactions between input variables and p.rformance may
not be linear. Therefore, we cannot use, at least initially, a determin-
istic model. The model must be stochastic. The purpose for the human in
most systems is his versatility and capability to handle previously un-
encountered events. Man does this through his cognitive system, reaching
decisions for action not possible in unprogramed control devices (inclild-
ing computers). The cognitive decision making processes are difficult to
model, so for mist situations, :.t is not tried. The human operator will
iateract with the simulated presentation of information from his unique
combination of individual differences and may react in an unexpected and
not a deterministic way. For the results of decision making to be validly
assessed, the dimensi,ns of the information sources must be representable
and controllable, and motion is one of the important sources of informa-
tion, which dictates a dynamic, stochastic model.
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f'oe model also must be continaous b_cause the separate engagement
stages are not independent, discrete cvents. In many situations, the be-
havioral requirem2nts for one stage ma- have been met during a previous
stage. Most behaviors required for criying out the weapon system missi,-n
are directly correlated tu th:! changing position, aspect, size, angle,
speed and maneuvers of the target. The model must therefore provide -orrtze continuous changes in the target/system relationship.

The fourth aspect of models that must be determined actually is em-
bodied in the SIMFAC project. The feasibili.ty issue can only be answered
by evaluating the cost and capability of the various kinds of simulation
vehicles for representing the !4ANPAD/SHORAD environments.

Tes of Simulation

Shannon (1.975) represents the range of simulation types in the follow-
ing mannet:

Real World Artificial World Abstract World

Physical Graph.3 Computer

Scaled Charts Ma-h Model

Management Games

---Iconic--- --- Analog--- --- Symbolic---

In many instances, a combination of kinds of simulation are used. Aircraft
cockpit simulators &re mixed iconic and symbolic models. Some management
game simulation is incorporated by artificially fixing some input param-
eters.

; major difference in 3-dimensional iconic vs analog and symbolic
models is the flexibility of changing the element characteristics and
their inter.actions. Such iconic models are essentially Gestalt in nature,
the whole situation is more than the sui. of its parts. Whereas the analog
and symbolic models ara only the sum of the.r parts. That is, only those
elements and interactions that are explicitly identified and defined in
the model will occur in the simulation. This, of course, makes the analog
and symbolic simulations more controllable, but less realistic. Much of
the model control occurring in analog and symbolic simulation can be ef-
fecte in iconic simulation by using statistical controls--analyses of var-
iance or co-variance.

Simulation Model Components

As '.he selection of a model/simulation type moves irom the real world
end of the simulation dimension to the symbolic end, simulation becomes
more imprecis- and Shannon indicates --hat this imprecision cannot be meas-
ured. The more precise the model, tibu more sensitivity it has to the
changing of parameter values. The sensitivity of the model is accurate tothe degree that interacting elements have been identified and included in
the model.
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Shannon (1975) has provided a generai simulation equation that re-
flects the basic problem in modeling.

E = f(Xi,Y.)

Wiere:
E = the effect of th2 system's performanceX. = variables and parameters chat can be controlled
Y. = variables and parameters that cannot be con-

i trolled

f = the relationship between all variables and
parameters, controllable and non-controllable.

This equation leads to the identification of the major ingrcdients of
a model. Lo_ponents are system elements and subsystems that perform a
specified function. Variables are those factors whose values vary with
function changes. Variables fall into two c=,c gc.'.,s; independent and exo-
geneous, which are input variables and dependent and endogenous which are

* system status and output variables. Parameters are those tactors whose
values remain constant whether fanctional changes occur or lot. Functional
relationships_ describe how elements, subsystem variables and parameters
interact as the system carries out its mission. The relationships for the
SIM FAC model will be stocha.;tic rather than deterministic because of the

2u ncertainty of the output for given inputs. In many Air Defense situa-
tions, the inputs may even be uncertain, fcr example the number and type
of targets that may have to be deal with. Constraints are factors that
place limits on how the system can allocate or expend resources. Con-
straiiits mn-i specify the value level at which parameters must be set. In
Air Defense. sysrems, the designated DEFCON status is a parametric con-
straint, as is the nut.nar of batteries a REDEYE cperator carries. Criter-
ion functions are t',e end result of system functioning. These are the de-
sired outcomes when the mission bas been completed. Submission or task
outcomes may also be included here, such as the target identification de-
cision.

Representing the Real World

In the SIMFAC project the measurement of the outccmes of the percep-
tual, psychomotor and cognitive processes are of primary interes3t. Thete-
fore, the operator and his behaviors are not a subject for si.,,ulation. It
is the physical elements of the system and its operating er.v'ironment that
are to be considered for simulation. in modeling a physical vstem, there
are several factors that must be con',iared in order to maintain the ossen-
cial psychological elemcnts. First are the fundamental laws that operato in
the real world and account for certain impacts and interactions which in-
flL4nce criterion functions. These laws must be accounted fcr in a simula-
tion if they operate in the real world. Second, all procedural elements
must be described and represented as wcll as tihe systematic variables that
impact these elements. All policy (doctrines, tactics, and SOPs) inputsmust be considered. Random components that have significant influence on

functions must be identitied and inclided. And, finaly, the human decision
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making requirements have to be specified so that 1.iformation sources re-
quired for the decision can be represented.

Since the SIMFAC simulation is to be a scaling and/or an abstraction
of a physical system, the sets of factors mentioned above at a gross level
must be dealt with systematically so as td maintain the psychological valid-
ity. The specific purpose ior the simulation provides an initial organizing
structure for addressing the analytical 'uestions of which specific factors
in the various sets of factors are significant and thus must be represented
in the simulation. The success of estaDlishing a successful simulation
then is a function of how well the significant system elementR are identi-
fied and defined.

SIMFAC Model - World View

To this point the simulation model has been characterized in terms of
general requirements. It must be basically a dynamic, continuous and sto-
chastic model. The purpose to which the simulation facility under study
will be put has Ieen discussed in terms of the requirements it places on
the feasibility decision. The next section will deal directly with the
process of building a model of the SHORAD/MANPAD system environment. First,
the systems and their environment will be described in terms of general
systems theory. Then a "world view" taken for the analyses will be dis-
cussed. And finally, the elements of the environment that must be reDre.-
sented in any simulation will be prestented with some compariLons of the
capability of the various types (levels) of simulation to irc'rporate the

4 required elements.

A general systems model consists of four major elements: the input,
transformation/operation, output and feedback. The use of this model allows
for the systematic identification of all critical elements and relationships

of the Air Defense environment. Input variables are independent and exter-
nal to the man/machine system. They cause the system to take various ac-
tions in order to carry out its function. Some input factors set some as-
pects of system status and act as parameters. Five major categories of in-
put factors w:.re identified for the SIMFAC model:

1. Syste- mission
2. Command and control doctrine
3. Logistical support
4. Physical characteristics and conditions of the environment

5. Target characteristics and dynamics

8Logistizs, mission, and command and control categories can be assumed
to be fixed as given parameters. Seldom, if ever, would actors in these
categories vary during specific engagement sequences. The target and the

environment both have variables which have changing values during the en-
gagement. They both also have characteristics which do not vary. The im-
portant point here is that those target and environmental variables which
change and interact nun-linearly, or whose interactions are difficult to

tspecify ust be identified in terms of their impact on the criterion func-
tions of the system.

CAR-1-7



Since SiMFAC at least initially, has little interest in evaluating
machine capabilities or operations, the analysis of the man/machine func-
tions needed to focus only on the operator tasks. The "world view" taken
for building the simulation model was established here. In the initial
listing of the operator tasks, it became obvious that all system events
were keyed to perceptual information and the dominant perceptual system was
vision. The auditory system does become involved at two points. First,
early warning information may be provided over the communication net or
if a helicopter target is in the area it may be heard before it can be
seen. Second, the REDEYE and Chaparral system use an auditory signal to
indicate IR source lock on by the IR sensor. These are important signals
for keying operator events but not as significant as the visual informa-
tion that must be sensed without sensory aids.

The output factors are embodied in the mission requi-ements of de-
terring, delaying, altering the mission of or destroying a hostile aircraft.
These criterion functions are the end result of the engagement process and
must be assessed for input information to the decision for subsequent action.

The analysis of the SHORAD/MANPAD systems engagement problem and dis-
cussions with other researchers working with performance assessment under
simulation conditions led to the adoptioi. of a visually-keyed event-orien-
tation world-view of the forward Air Defense environment. The rationale
for adopting this view was that the entire engagement sequence followed
in these systems' operations depends upon a continual input and processing
of visual information. Cnce the target has been visually detected, visual
contact must be maintained at least until the weapon is fired. Reliability
of system functioning is tied to detecting and discriminating cues which
consist of visual detail. Any condition that interacts significantly with
the visual cues so as to degrade cue detection or discrimination must be
present in the simulation environment in order that performance measure-
ments have generalizability to the real world. This requirement then leads
to the decisions about presentation and control instrumentation.

The focus of the visual orientation of the SHORAD/MANPAD systems op-
erators is the aircraft target, which is the source of cues that trigger
the starting and stopping of the engagement event3. Environmental var-
iables, especially atmospheric conditions interact with target character-
istics to degrade or enhance the visual perception of cue information. It
is these interactions upon which the validity and generalizations of oper-
ator performance measures rests.

The state of the MANPAD/SHORAD systems then must be defined with ref-
erence to the dynamic portrayal of the aircraft targets. Scenarios would
then be driven by the specific characteristics of the target during an en-
gagement. Iconic simulation would present fewer scenario problems than
would analog or symbolic simulations. All of the significant detailed
target characteristics and their changing values would already be present
in scaled model or film strip targets used in three-dimensional and two-
dimensional iconic simulation. However, the use of aaalog or symbolic
models would require a rather detailed analysis of the physical dimensions
of the target features and their changes almost on a second-by-second time
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basi3 zo accurately protray the operator's visual perceetion of the target
cues during the entire engagement. Each potential target scenario would
have to be so analyzed. The subsequent effort to represent the myriad of
cue source changes would be significantly more costly for analog and sym-

bolic simulations thin for iconic simulation. In addition, some interac-
tions between atmospheric conditions (water content, particle content and
shimmer) and cue information probably can not be specified and thus could
not be represented.

Visual System Variables

There are three keys to representing the real world in a simulation
facility: cueing, controlling and task loading. In the SIMFAC problem

task loading is primarily a function of cueing. The cueing problem as in-
ferred above is the visual presentation problem. Where different operator
responses are required for different cues in the real world, the operator
must be able to discriminate between the various cues in order to make the

correct response. The sensitivity of the simulation, then, must be ade-
quate to ensure that the operator can discriminate among the cues that must

be repreiented. The task of the simulation designer then is to establish
the minimum level of fidelity of cues that will ensure discrimination (Cream,

1974). in representing the visual system inputs the basic problem to be

dealt with is how to present the smallest object (cue source) that must be

represented. Object size and maximum discrimination range under ideal con-
ditions are limiting factors. These factors create the visual problem of
cue resolution in a wide field of view.

In viewing a target in the atmosphere, any serious ?imitation of visual
range is due to what Middleton (1952) calls the atmospheric aerosol (the
aerial colloids). This condition is due primarily to liquid droplets, the

most important class of particles in the atmospheric aerosol. Large varia-

tions in the photometric properties of the atmosphere may occur as the con-

tent and density of the aerosol changes. A second significant particle in

the air is dust, with a taird, smoke, increasing in significance with time

especial y near Iarge urban areas. The liquid droplets may vary in size

from 10- to 10- centimeters in radius. The larger and more varied the
atmospheric particles the more that lightiis scattered.

In a particleless atmosphere, light is scattered by the molecules of

the permanent gases in the proportion to the inverse fourth power of the

wavelength of the light (Middleton, 1952). In an atmosphere of a pure dry

mixture of natural gases, visual range would be more than 350 kilometers.

As non-permanent particles are added to the atmosphere, the visual range,

as well as the amount of illumination, is reduced. Four critical factors

influence the visual system in terms of how far and what we can see:

1. The optical properties of the atmosphere.

2. The amount and distribution of natural and artificial light.

3. The characteristics of the target objects.
4. The properties of the eye.
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The interactions of the factors are both linear and non-linear. Shim-
mer, a disturbance of the atmosphere near th,, eartl that occurs as the
surface temperature increases above the atmosphezic temperature, further
complicates the visual system that must be represented in any visually
oriented simulation. It becomes extremely expensive to create the con-
ditions and produce the amount of information and its distortion in highly
detailed large areas--the wide field of view problem.

The degradation of atmospheric conditions is defined in terms of the
meteorological range--the range at which objects at known distances can be
seen. As meteorological range is reduced the significqnt perceptual phe-
nomenon of apparent target-to-background contrast ratio is also changed.
Meteorological range is not necessarily omni-directional, thus possibly
resulting in varying levels of contrast ratio in a wide search area. Ap-
parent contrast ratio is also a function of the inherent target/background
contrast, which usually changes as the target moves across the visual field
because of: (1) the varying background; and (2) the sky/ground luminance
ratio. Contrast is a subtle variable, probably of considerable importance
ia target detection. It is also important in recognition to the degree
that critical target features may be non-discriminable.

The visual. threshold for a given target in terms of distance is a func-
tion of target size, the amount of light (luminance) and the amount of time
the target remains projected on che retina. In other words, it takes time
to see (deLect) a given sized target at specific light levels. Under a
given set of atmospheric conditions, the limiting factor for detecting a
target with specific perceptual and physical characteristics in the real
world is the visual acuity of the observer. As visual acuity varies from
near perfect vision, the degrading atmospheric and target factors interact
to produce increasingly poor target detection and identification perform-
ance. Duntley (1948) offered an equation that gave the probability of de-
tecting a target at or near threshold as a function of all the above men-
tioned factors (except shimmer) plus several others, such as target range
and altitude, and several constants. The point in this discussion is that
the visual target detection environment is very complex, and as mentioned
earlier, very difficult to represent in any type of simulation other than
an iconic model.

Simulation Presentation of Visual Variables

But not all iconic models are appropriate, given the imnortance of the
critical atmospheric factors that degrade detection, identification and
tracking performance--particularly the effect of shimmer, varying contrast/
ratios and amounts of illuminance. Two dimensional iconic simulations us-
ing motion pictures can present a fairly high fidelity representation of
the real world, capturing much of the atmospheric and target conditions
that must be represented. However, instead of the visual acuity of the ob-
server being the limiting factor in the visual problem, the resolution of
the projected images becomes the determining factor for detection and
identification tasks. The available resolution in films varies with the
quality and speed of the film. Some films have resolution capabilities
better than the eye, but is relatively expensive. The less expensive films
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have a resolution level below that of the eye. But regardless of the film
quality, the primary problem with photographic images is that amount of in-
formation available about a target image is fixed. Additional information
cannot be obtained by using magnification (neither by projection lens nor
by binoculars). With reference to the visual acuity of observers, operators
with higher levels of visual acuity can obtain no more information from a
photographic image than can the operators with 20/20 visual acuity. This
problem could reduce the generalization of detection and recognition results.

The resolution ability of the eye takes at least two forms. First,
the minimum detectable acuity--the smallest target the eye can detect--is
less than ten seconds of arc. Second, the minimum distinguishable acuity
(the ability to detect irregularities in form, shape or contour) is 40
seconds of arc. The computer generated images in the USAF simulators at
Williams AFB, AZ, has a minimum resolution of six minutes of arc. A CRT
with a 600 diagonal field of view gives a minimum resolution of four minutes
of arc. Although motion picture film can have a resolution that approaches
the eye, two problems other than the one mentioned above exist. These prob-
lems are not with the film but rather with the projection lens and surface
upon which the image is projected. The lens cause various kinds of distor-
tion, as does the projection surface.

Understanding the limitations of the visual systems has always been a
central problem of display research. As inferred in the previous paragraph,
strong technical and thus economic constraints must be overcome to signifi--
cantly improve the quality of the projected image in two dimensional repre-
sentations of the real world. Improvements must take the direction of
matching the performance of the display to the visual requirements of the
observer. This direction follows from an analysis of predicting what an
observer can see when he views a display. This is what Duntley (1948)
attempted theoretically with his detection equation. Autonetics has re-
cently conducted some detection research in which they emphasize that the
design and specification of displays are a function of knowing what per-
ceptual effects result from a specified set of visual system condittons,
exactly the simulation design problem in our research.

Summary

The design of facilities for the purpose of assessing operator per-
formance has received little attention. Where simulation has been used,
the focus has been primarily on the design of training facilities and de-
vices. The training orientation has been to represent critical context
and task elements with as high a fidelity as possible within economic con-
straints. Physical/engineering fidelity has been emphasized although psy-
chological impact has received some theoretical attention. From an
assessment-of-performance poiut of view, the human factor considerations
discussed above should drive the design of the measurement system in order
to obtain valid, generalizable results. Engineering factors are important
ouly in terms of their role in generating accurate performance assessment
results under critical job conditions. Therefore, the position of this
paper is that the degree of fidelity in the SIMFAC simulation should be

based upon man's perceptual requirements. There should be perceptual
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equivalence to the operational environment. All other things equal re-
duced engineering and physical fidelity with attention to cost considera-
tions are desirable when it can be demonstrated that measure accuracy is
not compromised.

This orientation, the perceptual focus in the design of a measurement
system, is concerned with what is represented at the display and control
interfaces so that measurement accuracy is maximized. This requires an
analytical input about what perceptual details of the operational environ-
ment must be represented in a simulation to provide for performance meas-
urement fidelity. The failure to represent a single critical element,
feature or input may destroy the credibility of the results of measurement.
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CARTER, RICHARD J., Army Research institute for the Behavioral and Social
Sciences, Ft. Bliss, Texas.

PAPER-AND-PENCIL TESTING OF JEOMETRIC RADAR SYMBOLS (Wed P.M.)

Background

Every Army, radar-assisted air defense system has a unique set
of geometric symbology. These sets not only have different symbols,
but, when identical shapes are employed in different systems, they
represent diametrically opposite and contradictory information. A
need exists for a standard symbology because symbol conftision takes
place when personnel must be retrained and reassigned to "new"
systems.

During the first step in the research, shapes were identified
which are stereotyped with the meanings friendly, hostile and
unknown. Symbol sets of three and five symbols were put together
based upon the results and tested in step 2.

Paper-and-Pencil Testing (Step Two)

The objective of this step, two experiments, was to find sets
of symbols which can be easily discriminated and quickly reacted to
in a paper-and-pencil mode. Radar console operators from Ft. Bliss
searched for and marked through with a china marking pencil
designated symbols in a field.

The field approximated a console screen at a moderate
saturation level. A north-oriented 900 sector was plotted on 8x

10 1/2-inch white paper with X,Y coordinates located for 25 symbol
positions. Ten sheets were arranged, using the sector as a
blueprint, for each symbol set.

Reaction times and the number of erors of omission and
coiaission were record4.ed for each subject. Repeated measures

analyses of variance and Newman-Keuls tests were performed on the
reaction time data. Chilsquare statistics were used on the error
data.

CAR-2-0



PAPER-AND-PENCIL TESTING

OF GEOMETRIC RADAR SYMBOLS

Richard J. Carter

US Army Research Institute For The Behavioral and Social Sciences
Fort Bliss Field Unit

PO Box 6057
Fort Bliss, Texas 79916

INTRODUCTION

Each of the following US Army air defense systems has a unique set of geo-

metric symbology for display use:

a. AN/TSQ-51
b. AN/TSQ-73
c. Nike-Hercules
d. Hawk
e. PATRIOT
f. Roland
g. DIVAD Gun

These sets not only have different symbols, but, when identical shapes are
employed in different systems, they represent diametrically opposite and con-
tradictory information. For example, a circle may represent a friend in one
system, and a foe in another.

As long as a radar console operator continues working with only one system
the different symbologies cause no problems. However, when personnel are well
trained in a system and then retrained and reassigned to a new system, as an-
cestorial systems are replaced, symbol confusion takes place.

Bergum and Burrel (1964) and Davis (1968) recommended that a standard symbo-
logy be adopted for employment across all Army radar air defense systems. The
Army Research Institute's Fort Bliss Field Unit has initiated research aimed at
fulfilling this requirement.

The first step in the research (Carter, 1979) was aimed at determining
whether or not particular shapes exist in our population as stereotypes for the
meanings friendly, hostile, and unknown. One hundred military fire control
crewmen, 50 Hercules and 50 Hawk, sorted 60 cards into four categories. Each
card had drawn on it a shape which was chosen either from symbology currently
in the Army inventory, or symbol sets associated with systems in the procurement
cycle, or simple shapes which have been used in discriminability studies and
which can be generated by current hardware for presentation on cathode-ray
tubes and/or plasma displays. The four cauegories were friend, hostile, un-
known and other.

Stereotyping was found as follows:

a. The heart, 5-pointed star, flag, and circle are associated with the
friendly meaning.
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b. The swatstika, collapsed square, and X are associated with the hostile
meaning.

c. The question mark is associated' with the unknown meaning.

Symbol sets of five (two friends, two hostiles, and one unknown) and three
(one friend, one hostile, and one unknown) members were put together based upon
the results of the stereotyping survey. They were tested, via two separate
experiments, in a mixed display which approximated a console screen at a moder-
ate saturation level.

.METHOD

Subjects

Sixty military subjects (Ss) from the US Army Air Defense Center at Fort
Bliss, Texas participated in this phase of the research. They possessed either
the 16E, Hawk Fire Control Crewman, or 16J, Defense Acquisition Radar Crewman,
MOS. Half of the Ss were used in Experiment 1; the others in Experiment 2.

A
Apparatus

The stimuli were a heart (1), 5-pointed star (2), flag (3), swatstika (4),
collapsed square (5), X (6), question mark (7), and 6-sided U (8). In Experiment
1, symbols were arranged into six sets as follows:

a. 1, 2, 4, 5, 7 d. 1, 2, 5, 6, 7
b. 1, 2, 4, 5, 8 e. 1, 3, 4, 5, 7
c. 1, 2, 4, 6, 7 f. 2, 3, 4, 5, 7

Eight sets were put together for Experiment 2. They were:

a. 1, 4, 7 e. 1, 5, 8
b. 1, 4, 8 f. 2, 4, 8
c. 1, 5, 7 g. 2, 5, 7
d. 2, 4, 7 h. 2, 5, 8

A set of specific practice symbols was assembled for Experiment 2. This set was
comprised of a circle, square, and rectangle.

A north oriented, 900 sector was plotted on 8 X 10 1/2-inch white paper
with X, Y coordinates located for 25 symbol positions - only 24 were used in
Experiment 2. Fifty pages (27 for Experiment 2) were randomly arranged, using
the sector as a blueprint, for each symbol set. Each symbol appeared either
4, 5, or 6 times on a page (7, 8, or 9 in Experiment 2) and twice in each pos-
ition within ten pages (3 times within nine pages in Experiment 2). The
symbols were drawn as large as possible, but dimensions were varied so that
each symbol could be encompassed by a 1/4-inch circle. The pages were insert-
ed into clear 9 X 11-inch document protectors and placed in looseleaf binders by
set. Each binder also had blank sheets to divide the instrument into blocks of
ten (nine in Experiment 2) pages. The looseleaf binder for practice in Experi-
ment 1 was made up of ten pages from each one of the six sets. Examples of pages
for five and three member symbol sets are pictured in Figures 1 and 2, respective-
ly.
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Other materials included china-marking pencils and stop-watches.

Procedure

Each subject was handed the looseleaf binder, containing the practice
pages, and a china-marking pencil. The experimenter assigned a symbol as the
"target" to be searched for and instructed the S to turn the front cover at the
word "Go", and to find and put a line through all the representations of the
designated symbol on the first page with his marking pencil. Each subject was
told to pursue this routine for each succeeding page until he reached a blank one.
This procedure was repeated for a symbol in each of the six sets (all three symbols
in Experiment 2).

After practice was complete, each S was tested on the six sets (eight sets in
Experiment 2) in a random order, following the process that was used with the
practice material. The experimenter recorded reaction time to the nearest 1/10
ot a second and errors of omission and commission for each block of pages.

RESULTS AND CONCLUSIONS

A Box test for homogenity of variance and covariance was performed on the
reaction time data from both experiments. The obtained values of B were not
significant at the .05 level.

The mean reaction time in seconds for a block of pages (symbol reaction
time) was computed for each symbol. These times are presented in Table 1. Time
to complete 50 pages (27 in Experiment 2) - total reaction time - was averaged
for each symbol set. They were:

Experiment 1

a. Set 1 -- 217.4 d. Set 4 -- 212.2
b. Set 2 -- 207.7 e. Set 5 -- 209.3
c. Set 3 -- 217.6 f. Set 6 -- 207.3

Experiment 2

a. Set 1 -- 123.2 e. Set 5 -- 114.8
b. Set 2 -- 116.5 f. Set 6 -- 119.8
c. Set 3 -- 124.6 g. Set 7 -- 116.6
d. Set 4-- 126.0 h. Set 8-- 110.3

The repeated measures analysis of variance was used on the symbol reaction
times within sets and by symbol type across sets for all symbols except the 6-
sided U in Experiment 1. It was also utilized on the total reaction data across
sets. Newman-Keuls bests were run on all the data which showed a significant
difference. Tables 2 and 3 detail where the difference existed for the symbol
reaction times within sets and by symbol type across sets, respectively. Set
8 was found to be significantly different from Sets 1, 3, and 4 at the .05 level
in Experiment 2 when the test was run on the total reaction timos.
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Tabl e 2

Results of Newian-Keuls Tests

For Symbols Within Sets

Set Symboi s

Experiment 1

1 4 7 5 2 2
2 3 4 5 1

3 4 6 7 1 2
4 6 5 7 2 1
5 4 7 3 5 1

6 4 7 3 5 2

Experiment 2

1 7 4 1
i 8 4 1

I3 5
4 7 4 2

5 8 5 1

6 8 4 2
7 5 7 2
3 8 5 2

Note. Symbols underlined by a common line do not differ from each othev; symbols

not underlined by a common line do differ.
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Table 3

Rcsults of Newman Keuls Tests

For Symbol Type Across Sets

Symbol Sets

Experiment 1

1 2 5 3 1 4

2 6 4 2 3

4 5 6 1 3 2

5 4 1 2 -6 5

6 4 3

7 6 1 5 4 3

Experiment 2

2 8 7 6 4

4 2 1 6 4

7 7 4 3 1

Note. Sets underlined by a common line do not differ from each other; sets not
underlined by a common line do differ.
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Errors of omission and commission were collapsed, since very few errors
of commission were committed in either experiment, and error data was summed
across subjects. Table 4 presents the cumulative errors by symbol and set.

Chi-souare statistics were used on the total numbe, of errors committed
by set and by symbol. Each of the two chi-squares in both experiments were
significant at the .01 level.

Spearman rank correlations were computed between total reaction times and
total errors by set. The coefficient for Experiment 2 was significant at .05.

In this phase of the research, symbols and sets of symbology were identi-
fied which can be easily discriminated and quickly reacted to. When the reaction
time and error results were evaluated, the following findings were arrived at:

Experiment 1 Experiment 2

a. Best fri,nd: Flag Heart
b. Best hostile: Swatstika Collapsed Square
c. Best unknown: 6-sided U 6-sided U
d. Best sets: 2,5 8,5
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CASSIDY, SQNLDR, Michael J. RAAF, DATKO, Louis M., and RUCK,
Hendrick W., Air Force Human Resources Laboratory, Manpower &
Personnel Division, Brooks AFB Texas.

OCCUPATIONAL ANALYSIS FOR DETERMINING JOB PROFICIENCY REQUIREMENTS
(Wed P.M. )

This paper addresses the application of occupational analysis
to determine job proficiency requirements. Using data routinely
collected by the Air Force Occupational Measurement Center,
innovative procedures for manipulation of data files have been
developed to identify specific tasks required for proficiency in
individual jobs. The development from a simple conceptual model to
a more complex statistical model suitable for operational support of
Air Force on-the-job training programs will be described.
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OCCUPATIONAL ANALYSIS FOR DETERMINING JOB PROFICIENCY REQUIREMENTS

Michael J. Cassidy, SQNLDR, RAAF
Louis M. Datko, AiC, USAF

Hendrick W. Ruck

Air Force Human Resources Laboratory
Manpower and Personnel Division

Brooks AFB, TX 78235

Introduction

The on-the-job training (OJT) system used in the Air Force relies on two
different sources of instruction. Career-wide knowledge and background are
provided by Career Development Courses (CDC). Completion of CDC instruction
programs is mandatory for being upgraded from the apprentice to the journeyman
skill level. In addition, hands-on training must be conducted and certified
by supervisors. Specialty Training Standards (STS) are used as guidelines for
this hands-on training. Many supervisors have reported problems in
identifying the tasks on the STS that should be trained (Stephenson & Burkett,
1975). Supervisors generally agree that training all STS tasks is impractical
due to equipment and time availability while training only one task is usually
insufficient. However, no system for identifying the important job tasks for
hands-on OJT is operationally available. The Stardardized Position Oriented
Training (SPOT) system has been developed to meet this need. The conceptual
model for the SPOT system has been reported elsewhere (Cassidy, Ruck, &
Offutt, 1979). This paper reports on the development of an empirical model
ready for field testing.

Background

To put this paper in context, some background on the SPOT concept is needed.
SPOT shifts the focus of OJT from the specialty oriented STS to the job by
using the results of occupational task analysis. For each job identified in
the occupational analysis, a list of tasks is presented as the proficiency
requirements for the job. As a supervisor checks an airman's proficiency on
each of the listed tasks, he also compiles the airman's OJT requirements:
those tasks on which the airman is not yet proficient. To compile the task
list for each job in a specialty a conceptual model was devised (Cassidy,
Ruck, & Offutt, 1979). The conceptual task selection model is a springboard
for a technology which uses job analysis, detailed task information from the
occupational survey program, to identify job proficiency requirements. The
model use3 jobs, relative time spent on tasks in the job (job relevance), and
task difficulty as the starting point for the selection of tasks to specify
job proficiency requirements. Figure 1 depicts the three screening processes
which, when applied sucessively, define a segment of the model space
representing the task list for a specific ,job.
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FIGURE 1. Conceptual Task Selection Model (Shaded areas represent tasks
selected by each screening process, i.e., iob, job relevancy,
& difficulty & successive overlaying of these shaded areas
intersect to define selected task list for a job.)
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In the SPOT system, the task lists are compiled by automated data

manipulation: initially by the three-way screening of the conceptual model;

operationally by the multidimensional application of regression analysis.

Thus, the SPOT goal of standardized training task lists for each job in a

specialty for use in guiding hands-on OJT can be attained. Features of SPOT

are: (a) tasks are listed by job; (b) proficiency (and consequently OJT) task

lists are standardized throughout the Air Force; and (c) task lists are used

instead of the more general STS for hands-on OJl. The SPOT system of guidance

differs from the present system in three essential respezts. First, the STS

is-replaced by a number of job-specific SPOT lists which are necessarily

performance related listings. Second, the SPOT system allows for the

inclusion of mandatory skills and knowledges (as defined in the Airman

Classification Manual, but not covered in the STS) for each skill level of a

specialty. Provision can also be made for contingency tasks, which are

MAJCOM-specific or combat-related, to be included. Finally, whhen needed, SPOT

lists can be provided for specific weapon systems.

Flexibility is inherent in the SPOT system which provides both guidance arid

direction. Local conditions, such as aircraft type, MAJCOM maintenance

requirements, equipment, and manning, may result in particular jobs varying in

task content from the SPOT specified job. Therefore, the supervisor will be

able to modify the SPOT listing for a particular job within established policy

guidance by deleting and adding tasks. This flexibility is the key to the
utility of standardized guidance.

In brief, the STSs now in use are too general to meet OJT needs, requiring a

great deal of interpretation and elaboration by workirg-level supervisors.

The purpose of the research on the SPOT system is to develop a technology to

identify specific job tasks associated with eac! significant portion of an Air

Force specialty. In this way, job proficiency requirements and, by

derivation, OJT requirements can be specified in terms of tasks associated

with specific jobs.

Overview of Research Methodology

The first step in the research program was the selection of Air Force

Specialties (AFSs) to be studied. Next, through automated data manipulation,

the conceptual task selection model was used to provide SPOT lists

(proficiency requirements) for each job in the selected group of specialties.

The data collection phase involved briefing Major Command (MAJCOM) staff

personnel, nomination and selection of bases, and briefing field-test base

personnel. Job supervisors were then asked to review the proficiency

requirements for those jobs under their supervision and to modify the

automated listings according to their own perceptions of the job. Judgment

analysis based on regression techniques was then applied to define empirical

models that could replicate supervisors' specified requirements.

Selection of Sample of AFSs

To be able to demonstrate the potential for applying SPOT methodology to

various types of Air Force specialties, considerable attention was given to
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the selection of AFSs in the sample to be studied. Two attributes of Air
Force specialties were deemed relevant: technicality and diversity. Using
Air Force Regulation AFR 39-1 as the reference, all Air Force specialties were
categorized in three broad divisions based on the degree of technical skills
and experience required on the job. The category for each specialty was
determined by the equipment worked on, the training required, and the
experience requirements as presented in regulations. Highly technical
specialties were defined as those requiring technical skills and/or experience
for missile/aircraft, missile/aircraft systems, or equivalent skills;
moderately technical specialties were those requiring technical skills and/or
experience for non-missile/aircraft applications--for example, general purpose
vehicle repair and plumbing; and non-technical specialties were those
requiring little or no technical skills or experience. Diversity of an Air
Force specialty was a measure of the number of jobs within the specialty. Two
categories of diversity were defined: homogeneous specialties were defined
operationally as those specialties containing 15 or fewer jobs for large (in
population) specialties or 10 or fewer jobs for small specialties. All other
specialties were classed as heterogenecus. So that data used in the SPOT
research would reflect the actual work situations, the most recent OSR data
available ias obtained. Four specialties were selected: (a) 423X0 - Aircraft
Electrical Systems (high technicality, homogenous); (b) 461XO - Munitions
Systems (high technicality, heterogeneous); (c) 645X0 - Inventory Management
(low technicality, heterogeneous); and (d) 645XOA - Inventory Management
Munitions shredout (low technicality, homogeneous).

SPOT List Construction

SPOT listings based on the conceptual model were generated for each of the
four specialties. For each job in the four specialties, four different
versions of SPOT listings were constructed. The SPOT lists from this
conceptual model were not expected to be definitive. They were developed to
expedite the OJT process by giving, for each job, preliminary task lists which
would guide the knowledgeable supervisor in making logical and sensible
decisions about job proficiency requirements. To allow for the inclusion of
the more difficult tasks in the position description which did not get through
the job relevancy screen, the field supervisor was given freedom to add tasks
to a list as his Knowledge of the job and task, and his experience, indicateu.

A computer program was designed to format the task list in a manner similar to
the currently used Job Proficiency Guide format with the exception that the
level of proficiency required was deleted: the SPOT concept postulates that
full proficiency for job performance was the only criterion required; partial
proficiency on a task is not recorded in the SPOT system. The tasks were
ordered from the least difficult to the most difficult within the listings.
This presented the supervisor with a list of tasks based on the likely number
of members performing those tasks so that he would probably delete tasks froii
the end of the list. (Generally, the higher the task difficulty rating is,
the lower is the percentage of members performing the task).
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Data Collection

The next phase of the research involved a detailed briefing to Headquarters
USAF and functional managers at three MAJCOMs on the SPOT concept and the
requirements for field evaluation of the conceptual model SPOT lists. Each
MAJCOM then nominated four bases at which field evaluations could be
obtained. On the basis of the distributions of seven,- and nine-level
supervisors, three bases from each MAJCOM were selected. At each base,
management level staff were provided with a briefing on the SPOT concept and
the research to be carried out. Supervisors were then briefed on the concept
and the procedure to review and modify the SPOT lists. They were instructed
to examine first the list of jobs within their specialty and to select the job
or jobs which they were then supervising. Next, they evaluated the SPOT list
for each of these jobs and deleted tasks for which they personally would not

require proficiency. Supervisors then reexamined the SPOT list to see which
tasks were not included in the list, but for which they would require
proficiency. Such tasks were added to the list. To aid in their wording of
these tasks, each supervisor was given a complete task inventory for that
particular specialty and requested to use cask statements from the inventory
whenever possible. Data were gathered from 186 field supervisors.

Results

Analysis of Data

As a broad indication of responses received, Table 1 summarizes the average
number of supervisors who participated in evaluating SPOT lists in each of the
specialties, and the average number of recommended tasks in each job, the
average number of tasks included by all supervisors, and the average number of
tasks excluded by all. In one specialty, supervisors consistently reported
jobs which had not been included in the job types reported from the
Occupational Survey Report (OSR). Because this was so consistent across all
bases, a reanalysis was done of the career field. Each of the jobs reported,
with minor exceptions, was found to be a subgroup of a group reported as a job
by the Occupational Measurement Center (OMC). Discussion with the original
analyst at OMC indicated that the purpose for which the analysis had been
carried out did not require as fine a job typing as would be necessary for
SPOT purposes. From this it appeared that the analysis techniques used at OMC
would be satisfactory in implementing SPOT as an operational system, provided
that the occupational analyst was made aware of the purpose for which his
analysis would be used. The response from these supervisors, coupled with the
satisfaction of supervisors in the other three specialties with the job types
identified in their specialties, indicates thai: specifying jobs at OMC job
type levels is acceptable. Therefore, in developing the operational system,
jobs will be specified in the routine job analyses done by OMC.

Judgmental analysis of supervisors' responses was performed in three steps
using standard mathematical prog'ams, Comprehensive Occupalional Data Analysis
Programs (CODAP) (a summary ol the functions of the CODAP programs used is
given in Appendix A), and special-purpose prograrmis. Responses were scored as
binary data: each task included in a supervisor's lisc was coded as 1; all
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Table 1

Summary of Supervisors' Modification to SPOT Conceptual Model Lists

Average # of Average # of
# of a b c Tasks Included Tasks Excluded

AFSC Jobs NT Ns  Nt by [ll by All

423X0 6 559 1.3 25.6 4.0 469.8

461X0 27 435 4.0 32.8 13.8 374.9

645X0 18 691 7.4 23.4 8.1 629.4

645XOA 10 691 2.3 55.8 47.4 629.5

a NT is the number of tasks in the total inventory

b Ns is average number of supervisors per job

C Nt is the average number of tasks included in modified lists

other tasks in the inventory were coded 0. Using a special purpose program,
the dichotomous data were prepared for analysis together with job type and
task factors (from Job Specials) data. (One specialty lacked data on one of
the task factors but had data on two different factors; these data were
included and dummy vectors constructed so that all four sets of specialty data
remained comparable.) Using the dichotomous response data as the criterion, a
standard correlation and regression program (TRICOR) was used to perform a
regression analysis. Ten basic predictor variables, ten squared variables and
nine interaction variabes were considered in model development. Seven
regression problems were solved for each rater. This process confirmed that
job data was most important and specialty data, while making a contribution,
was least important. The variability in the effect of square and interaction
terms from rater to rater suggested further work should retain all twenty-nine
terms of the full model (see Appendix A for a list of the variables in thL
empirical model). The goodness of fit 1 of the initial regression equations
is 4Ai z A in T~hla 9

Acceptable levels of goodness of fit were achieved with the least squares
analysis. The intent of the follow-on analysis was to examine thc
deterioraticn in the goodness of fit caused by the grouping of individual
models into a single specialty model. Thus, the second step in the analysis
used another special program to riggregate raters by specialty giving one
criterion vector for each specialty. By executing the TRICOR program on each
group, a regression equation was generated for each specialty. The goodness
of fit of these regression equations was still satisfactory; R2  for

1 Because the dependent variable (criterion) is dichotomous, the
goodness of fit of the regression model is degraded compared to that for a
continuously distributed dependent variable.
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Table 2

Accuracy of Individual Rater Regression Equations by Specialty

R2

Categqory of a N Range for Individual
AF'SC Specia ty Rater Models Mean SD

423X0 T/Ho 68 .1868* to .8735* .5754 .2425
461XO T/He 107 .0858* to .8901* .5958 .1417
645X0 NT/He 134 .1971* to .9688* .5836 .1591
645XOA NT/Ho 23 .5379* to .7614* .6600 .0702

a Categories are: T - technical, NT - non-technical; HO - homogenous,
He - heterogeneous

*p .01

the specialties were: 423X0 - .3693; 461X0 - .4663; 645X0 - .3766; and
645XOA - .5767. See Appendix B for the form of the regression equation and
the standard weights tor each specialty equation. These regression equations
form the empirical model are being used in the on-going research on the SPOT
system.

In the third step of the analysis, a predicted SPOT score was generated for
all tasks within jobs across each of the four specialties using each

2
specialty's regression equation The specialty regression equations were
found to correspond highly with actual judgments made by supervisors about

specific jobs (see Table 3). The low values of R 2 for 645XOA are due
primarily to the instability of the actual judgment policies which were based
on a mean of 2.3 raters per job (refer to Table 1). The SPOT scores were then
used in the CODAP program, FACPRT to generate the automated SPOT lists by
including all tasks with a SPOT score greater than or equal to .10. This SPOT
score cut-off was specified to produce lists which included those tasks
commonly included by supervisors and which were slightly longer than
supervisors' ;ists. Summary task factor data were also displayed to aid a
final staffing of the SPOT lists before field use (see Appendix C for a sample
SPOT list). As an aid to managers, an executive summary was also produced
showing tasks common to SPOT lists for half or more of the jobs in an AFS (see
Appendix D).

2 CODAP programs used for this phase of the analysis were FACGEN, DECDEC,

and FACPRE.
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Table 3

Accuracy of Specialty Regression Equations Applied to Jobs

N R2

AFSC Jobs
Range Mean SO

423X0 6 .3173 to .8000 .5776 .1875
461X0 27 .3324 to .7916 .6011 .1415

645X0 18 .3651 to .7261 .5779 .1165
645XOA 10 .0182 to .3878 .1750 .1395

Summary

The objective of the SPOT system, to generate automated job proficiency lists,
has been substantially realized. Through the application of judgment
analysis, regression equations have been derived for each of the test AFSs.
When these lists have been staffed, a further step in the analysis will be
completed: investigating the feasibilty of generating a single regression
equation which can be applied to all specialties. Concurrently,
cross-validation of the regression equations will also be performed. The
staffed lists will be field tested to aid in an independent evaluation of t'e
SPOT system. The evaluation results and experience gained in the field shall
provide a better definition of requirements for the operational SPOT system.
This on-going research promises to make the task of the supervisor in OJT
easier while improving the quality and tracking of hands-on training.
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C APPENDIX A: Summary of CODAP Program Functions Used for SPOT

JOBSPC

Given the membership criteria in terms of computed or background variables, the
Composite Job Description (JOBSPC) program identifies all the cases meeting those
rpquirements and computes a composite job description for that group. All associated
data may be stored on the job description file for further use.

FALGEN

The Factor generator (FACGEN) program may be used to modify and/or ;oad task
factors for future processing with the CODAP system. Input and/or output may be
either standard task factor decks or request cards identifying vectors on the job
description file. Optional operations for modifying the input vectors include (but
are not limited to): (a) raise values to a specified power (2-9); (b) standardized
values so that mer.s = 5.0 and SD = 1.0; (c) substitute rank-orders for input values;
(d) substitute values rescaled as percent of range; (e) expand or contract task list
with a task category; (f) dichotomize or categorize the task inventory.

DECDEC

The Mathematically Interact Two Decks (DECDEC) program will accept two task
factor decks as input and perform any simple arithmetic operdtinn between them. This
program may be used to add, subtract, multiply, divide, or exponentiate two task
factors.

FACPRE

The Predictea Factors from Regression Equations (FACPRE) prograrm will apply the
regression equations developed elsewhere ano produce a task factor deck representing
this predicted factor. The followini. items are reported: titles for rriterion
including titles for the input vectors; the number of observations; product-mo-iint
correlation and product-moment correlations squared; and the Ztandard error of the
estimate. The following are reported in columnar format for easy comparison of the
criterion versus the predictor factor: mean moment about the mean, standard
deviation, coefficient of variation, -ainimum value, and maximum value.

FACPRT

The Task Factor Print (FACPRT) program allows the user to print any of the
vectors on the Job Description file. In addition, the program is capable of
calculating and reporting differences between vectors, maximums or minimums of sets
of vectors, cummulative percentage, and categories of tasks by using any one of six
arithmetic operators. The inclusion of sequence numbering and blank columns,
sorting, as well as print suppression are under user control. If used, the
suppression and category options automatically provide heading lines indicating the
limitations being used. For SPOT Task Lists, a modification to the program was used
to permit user formatting of the task factor vectors. Program identified task
categories may be puncned and added to the Job Description file for future
references. Several types of reports may be produced; they include: (a) report by
task, (b) report by task within duty, and (c) report by task within module.
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APPENDIX B
Table BI Variables in the Empirical Model

VAR NO TITLE ABA Sfl3iL

I Percent Members Perforining Within Job Type 
Mj

2 Percent Time Soent By All ithin Job Type PTSJO

3 Percent Of Ail Performers With Job Type PAL

4 Percent Of Totail AFSC Meffihers Performing p'"4

5 Percent Tins Spent By Total AFSC 
PIS

6 Average Percent Grade In total AFSC 
AVPGR

7 Aveiage Task Difficulty Rating 
ATIIFF V

8 Average Traini ng iEmphasis oating ARE1P E

9 Average Consequences Of Inadequate Performance 
ACIP

10 Average Task Delav Tolerance Rating 
ATOT

II (Peicent Memibers Performing/Job Type)
**Z PMPJSQ MJ

12 (Percert Time Spent By All/Job iy,-e)'*Z PMSJSQ PJ z

13 (Percent Of All Performers/Job Type)
*
2 PALSQ A2

14 (Percent Of Total Meters Perforning/AFSC)**? 
PMSQ Mr

15 (Percent time Spent By Total/AFSC)**
?  PISS4 1, 

"

16 (Average Percent Grade In Total APSQ)-2 APGRSQ 6-

17 (Average Task Difficulty <atingsJ..2 OIFFSQ D?

18 (Average Training Emphasis Ratingso,**; 
tMPSQ

19 (Average Cons Of Inadequate Perform)**2 CIPSO Ll

?0 (Average Task Delay Toleince Ratin9;*-2 TOISQ I

71 M ,ebers Performinp/Job By Avera,3 % rade V3 * V.*

V5 '.i'~ers Performing/Job 1 y Task Diff i, ':lty VJ V9

23 % members Performing/Job ';y rain-ng ,npnasis 53 * V10

24 Mener Perfurnng/Job By i.:NS 'f ierturin V' * WI Ij*L

6 % "Po.Der fwforming/ Ob :y Task Uelai V3 * Vl? Mi.

26 Avrraqe X (;rade 6y lsk iiffi :lty V8 * Y9 r ,

/' Average '4 Grade By ra:ninj .a .i$ V8 * V10 G E

22 Average % ,rale Py CONS ut Inadequate Perfori V3 * V11 G C

29 Average % Grole By Task l)elay Toserance V6 * V12 b

C l~b~t*



Table 82. AFS Regression Equations - The Empirical Model

Form of the Empirical Model

Y=a°U + alMj + a2Tj + a3A + a4MT + a5TT + a6G + a7D + a8E +

a9C + aloT + allMj 2 + al2TJ 2 + al3A
2 + a14MT 2 +

a15TT 2 + al6G2 + al7D
2 + alE 2 + algC2 + a20T

2 +

a21Mj*G + a22MJ*n + a23Mj*E + a24MJ*C + a25Mj*T +

a26G*D + a27G*E + a28G*C + a2gG*T + ERROR

Regression Weights

AFSC

VAR 423X0 461X0 645X0 645XOA

1 -.011855 -.013437 -.014870 -.009565
2 .057829 .123549 .146133 .320033
3 -.000430 -.000173 -.000167 -.001078
4 .000572 -.000725 -.004620 -.009238
5 .116640 .053719 .133343 .898147
6 .040997 .013549 .037847 -.O00131
7 .035533 .047187 .001349 .087667
8 .003053 NA .000431 -.026684
9 NA .041571 NA NA

10 NA -.004445 NA NA
11 .000057 .000050 .000037 -.000066
12 -.005385 -.015950 -.013353 -.030363
13 .000006 .000032 .000005 .030007
14 -.000035 .000031 .OOOC56 .000068
15 .081342 -.044894 -.076477 -.563883
16 -.002800 -.000825 -.001026 -.000662
17 -.002467 -.002542 .001355 -.008502
18 -.004571 NA -.000135 -.000981
19 NA -.005155 NA NA
20 NA .000001 NA NA
21 .000387 .000476 .OO140 .000577
22 .002253 .003149 .0032b .003407
23 .00417 NA .000592 .000309
24 NA -.000355 NA NA
25 NA -.000081 NA NA
26 -.002821 -.006228 -.004939 .000007
27 .001829 NA --.000871 .005356
28 NA .002949 NA NA
29 NA .001858 NA NA
Const -.192808 -.243177 -.072275 -.206378

Note. NA appears in the table where a dummy vector was used in the
analysis because data was not available for the AFS/task factor.
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CICCHINELLI, L.F., Ph.D., Denver Research Institute, University of
Denver, Colorado.

FACTORS LIMITING THE MEASUREMENT OF SIMULATOR TRAINING EFFECTIVENESS

(Wed A.M.)

This paper focuses on some problems encountered in an

evaluation of a simulated test station used for training
intermediate level F-11l avionics personnel. The purpose of the
research effort was to determine the relative training e-.i
cost-effectiveness of a three-dimensional simulator as compared to
actual test station equipment.

In recent years it has become accepted, both in the military
and civilian sectors, that simulators are viable and effective
training tools. A review of the available literature, on the other

hand, shows that information concerning the effectiveness of

simulator training based on formal evaluition studies which rely on
quantifiable data is quite limited. The available information on

factors which influence simulator training effectiveness is usually
based on subjeztive measures and often focuses only on the psysical

characteristics of the simulator. Clearly, factors such as

psychological and physical fidelity are important considerations.

However, the observations made during this evaluation suggest that a

number of other, less obvious factors inherent in the simulator
training environment are probably directly responsible for the lack

of valid quantitative assessments of simulator training

.I effectiveness.

The specific factors discussed in this paper are training

objectives, teaching styles, user acceptance, indicators of

performance, and the intended role of the simulator in the overall

training program. These issues are considered critical because they

often limit the strength of the evaluation designs employed and

reduce the reliability of the training effectiveness measures

developed. It is suggested that if these factors are considered in

the planning and design phases of future simulator development

programs, the measurement of simulator training effectiveness would

be much more reliable and valid.

Cl-O

77

01-LA



FACTORS LIMITING THE MEASUREMENT OF
MAINTENANCE SIMULATOR TRAINING EFFECTIVENESS

Louis F. Cicchinell, Ph.D.
Denver Research Institute

Introduction

The purpose of this paper is to discuss some 3roblems encountered
in the instructional environment during an assessment of the training
effectiveness of a maintenance simulator. It is suggested that more an-
ticipation of these problems during the evaluation planning stage will
not necessarily reduce their impact on the assessment or findings. Rather,
it may be necessary to manipulate the training environment in order to de-
termine the training benefits of simulation.

The Air Force currently trains its maintenance technicians in class-
room settings which focus on both theory and practical experience. Upon
successful completion of the training sequence, these airmen are assigned
to field positions where their primary job is to isolate and repair faults
in aircraft components. Associated with this task is the operation and
maintenance of the test stations which are used in the diagnostic testipg
of an aircraft's Line Replaceable Units (LRUs).

Traditionally, the primary teaching aids used in the classroom have
been operational test stations designed for field use rather than for train-
ing. In the past few years, however, extensive efforts have been made to
utilize simulation techniques and equipment in providing maintenance train-
ing in the military. The decision to proceed with the development of main-
tenance training nimulators has been motivated by many of the same factors
that have 6timulated the development of flight training simulators. Spe-
cifically, when compared to actual equipment trainers (AETs), simulators
are expected to have te advantages of lower cost of purchase and operation,
higher reliability, reduction of danger to unskilled trainees, reduced noise
levels in the training area, and the increased availability of the actual
equipment for operational use. An additional factor motivating the appli-
cation of simulators to maint-nance training is the potential for increased
instructor control over the nature of the practical trouble-shooting train-
ing. In retrospect, this may be the single most important consideration
underlying the decision to investigate the utility of alternative simulator
designs and uses for maintenance training.

Differences in Flight and Maintenance Training Environments

Available literature on the use of simulators specifically for main-
tenance training is very limited. There is, on the other hand, a vast amount
of information concerning the development and use of simulators for flight
training which is clearly helpful in developing and testing maintenance
training simulators. Despite the abundance of relevant information, quanti-
tative assessments of simulator training effectiveness are conspicuously
absent from the literature. After a review of ten Air Force simulator train-
ing programs, Caro (197 7a) concluded, "that most . . . had not been subjected
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to formal studies that would establish their training effectiveness in
quantitative terms." Reported studies of maintenance training simulation
often cite hands-on experience, reliability, safety, modifiability, and
cost as benefits of simulators over actual equipment trainers. It is
interesting to note, however, that simulator-trained student performance
is usually reported as equivalent to that of actual equipment-trained
students (Cicchinelli, et al., 1980; Daniels, et al., 1975; Hurlock &
Slough, 1976; Wright & Campbell, 1975). It can be argued that these
evaluations have not been sensitive enough to measure the improved per-
formance of simulator-trained students.

Equivalent performance may be acceptable for flight training sim-
ulators because of the dramatic benefits realized in the areas of cost and
safety. In the application of simulation to flight training, the cost
savings has been reported at about 5:1 in favor of simulators by Orlansky
and String (1977). The increase safety of training conducted on flight
simulators is indisputable. Similarly, maintenance training simulators
have been shown to result in cost savings and increased safety, but the
magnitude of these benefits alone has not bec-a sufficient to justify a
major shift in Air Force training policy. Improvements in student perform-
ance and/or reduced training time must also be demonstrated as significant
benefits.

Caro (1977b) points out that while flight simulators have become
quite sophisticated, the effective use of these devices is limited by a
number of factors in the training system. He suggests, for example, that
the lack of communication between designers and users tends to result in
simulators which are insensitive to the training process. In short, sim-
ulators are desigaed to simulate rather than train because they have not
been developed in view of behavioral considerations related to how the sim-
ulator will be used. The lack of emphasis on simulator training technology
pervades the design, test, and implementation phases of simulator develop-
ment. To date the factors of cost and safety have precluded the need to
demonstrate measurable performance increments for the basic application of
flight training simulators. However, as more complex training options are
added to basic flight simulators, it is likely that a demonstration of im-
proved performance will also be needed to justify added costs. Thus, the
issues discussed in this paper are likely to become relevant when measuring
the training effectiveness of newer flight simulators.

In the flight training environment, the trainer simulates the air-
craft in the true sense of the word. That is, it is possible to simulate
all activities necessary for flight without actually flying an aircraft.
To highlight the difference between the flight and maintenance training
environments, it is useful to note two important characteristics of the
flight training environment. First, in its most basic application, a flight
simulatoy is a replacement for an actual equipment trainer and the actual
equipment and simulator are clearly distinguished by their ability (or in-
ability) to fly. Second, the objective of flying is defined by a set of
observable tasks and proficiency at these tasks can be directly measured.
In order to fly an aircraft, the operator must modify a basic learned skill
in response to known circumstances.
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By contrast, in the maintenance training environment a simulator
is generally a supplement to an actual equipment trainer. In this setting,
it is difficult to discriminate between simulators and actual equipment by

such an obvious difference as "ability to fly." Further, with the exception

of a few clearly defined proi.edural tasks, a major objective of maintenance

training simulators is to teach the process of trouble-shooting--the identi-

fication of faults in malfunctioning aircraft components. This process is

not easily described because the set of possible problems is infinite and

always unknown at the outset. To trouble-shoot an aircraft component, an

operator must seZect a series of responses from a set of learned skills in

an effort to identify a fault. It is these relatively unspecified aspects

of the maintenance training environment that offer a challenge to research-
ers who attempt to substantiate the utility of maintenancr simulators as
viable training devices.

Factors Limiting the Measurement of Training Effectiveness

The issues presented in this section are discussed in the specific

context of the Air Force maintenance training and fiPld environment in

which the evaluation took place. Each of the problems cited is accompanied

by a discussion of the solution employed. It is important to note that the

assessment of the simulator's training and cost effectiveness were part of

a larger ongoing Air Force simulation program. The simulator itself was

designed in view of empirically determined specification. It should be

emphasized that the test station simulated and the training environment

do not constitute a unique situation. On the contrary, the test station

selected for simulation was considered to be representative of the entire

class of automatic test stations.

Planning a Maintenance Simulator Assessment

The information presented in the following section was obtained

during a training effectiveness study of a maintenance simulator. The

discussion focuses on factors found to limit measurement of the training

effectiveness. At some level the issues are obvious and would be antici-

pated during the planning stage of an assessment by any competent research-

er. This environment is constantly being changed to meet new training de-

mands. However, it is also adjusted almost daily in an effort to maintain

a consistent training level, despite fluctuations in the operational btatus

of training equipment. It is now apparent, however, that no amount of

planning, interviewing, and surveying would have accurately described the

dynamic and relatively unspecified maintenance training environment as it

existed during the evaluation period.

First, more often than not, an evaluation effort is likely to be

designed in the absence of relevant background information. Further, once

a specific approach is approved, it is not usually acceptable to immediate-

ly insert a lengthy observation and design refinement phase into the time

schedule. The resulting extcnsive delays in data collection would reduce

the timeliness of the findings with respect to the overall program effort

and extensivc changes in the approved approach would require justification

and reapproval--a lengthy process also. Second, the introduction of a
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simulator into the training environment, without removing the existing
equipment, alters the environment. The simulator provides an alternate
training device which can be substituted for malfunctioning actual equip-
ment or used simultaneously to increase the training capacity as needed.
In sum, the simulator is accepted as added equipment and maximizing its
effectiveness through new teaching practices is not a primary concern.
In some instances, the simulator may even be altered to more closely re-
semble the actual equipment so that established teaching methods and
curricula can be maintained.

The following discussion is meant to provide specific examples of
unanticipated problems encountered in a training effe _iveness study of a
maintenance simulator. It also challenges the basic assumption that simu-
lator training effectiveness can be determined through one assessment of
one instructional environment. The discussion supports the suggestion that
simulator training effectiveness studies should be implemented in at least
two distinct phases. Phase I should be used to examine the impact of
incorporating a full-scale operational simulator into the training environ-
ment, to observe and document the dynamics of the environment itself, to
specify the actual opportunity for simulation (if any) and needed equipment
modifications to realize that approach, and to develop hypotheses concerning
the proper use of simulation for training. Phase II can fo-us more directly
then on a comparative analysis of those simulation techniques and strategies
considered to have potential--based on the findings of Phase I. A Phase 11
assessment presumes a significant modification in the actuaz training en-
vironment consistent with the hypothesis in question.

Training Objectives

In order to appropriately assess the training effectiveness of a
simulator, the training objectives used to assess effectiveness must be
the same as those used to specify the simulator design. However, training
must keep abreast of rapidly changing aircraft technology. Thus, if ex-
cessive delays occur between the design and implementation of a training
simulator, it is likely that some capabilities will be outdated and new
training needs will be identified.

Training on the AET cccurred as part of a 23-week intermediate
level avionics mainten3nce course. The objective of this course and
the associated Specialty fraining Standards (STS) has been in a con-
tinuous state of change over the past few ycars. A number of factors
contributed to the need to modify course objectives and content. Perhaps
the single most important factor is the evolution of the aircraft itself.
As more sophisticated models are developed, course content must be modi-
fied to include instruction in the operation and maintenance of updated
diagnostic equipment capable of testing the new aircraft systems. Prior
to the time of the evaluation, students were tr;ined as either test
station operators or as test station maintenance personnel. When the
evaluation began, however, these career options were integrated into a
single career path, and a new STS was developed to reflect needed course
modifications. In this combined course, theory and practical training
on the test station was reduced from 14 days to a total of eight days.
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Subsequently, still another plan of instruction was developed in
accordance with an STS which was expected to become effective during
the evaluation period. A comparative analysis of training objectives
over the two years prior to the evaluation revealed that while most

-objectives remained the same, some objectives (e.g., training on
specific LRUs) which were used to specify the simulator capabilities
were eliminated due to the significant reduction in training time
available. Since these training exercises were no longer employed,
it was not appropriate to include the aasociated simulator capabilities
in any tests of student performance.

'While somae course objectives did change over time, the
relevant STS requirements did not substa-tially change. This finding
led to the observation that the specialty standards are general enough
to allow for interpretation, depending on one's perspective. Training
and field personnel could easily assume that somewnat different skills
are associated with specific requirements, such as "trouble-shooting."
This lack of specific criteria of adequate performance made it difficult
to measure training effectiveness even when objectives were Identified.
This difficulty was circumvented by considering only comparative train-
ing effectiveness and ignoring the more basic consideration oZ training
adequacy. Thus, the study addressed only the question: "How do simulator-
trained students perform as compared to actual equipment-trained students?"

Format of Training Program

The manner in which course material is delivered must be consi-
dered in the design of simulators. However, the format of the training
course often changes to accommodate anticipated time, equipment and
personnel constraints.

The comparative analysis of course content changes indicated
that most of the objectives of the former maintenance and operations
courses had been retained, although the training time allocated to
each was greatly reduced. In fact, at the beginning of the performance
data collection phase, only two days of practical training on the actual
test station were included in the avionics maintenance course. This
very limited contact with the equipment made it unlikely that performance
differences as a function of training devices would be observed. Due
to the short training period, it became necessary +n control (experimen-
tally and statstically) numerous variables which --6ht obscure actual
performance differences. Much effbrt was expended in controlling for~individual differences, minor training deviations, instructor and super-

visor differences, etc., in an attempt to reduce confounding of theperformance measures by changing contextual factors.

Originally it was planned to rely heavily on existing test
instruments to collect relevant data. Further, it was planaed to focus
on performance on the maintenance simulator only since previous test

Vt
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scores from students trained Gn the actual test station equipment would
be available to serve as baseline data. After observing classroom
proceedings, it was apparent that changes in the training format neces-
sitated changes in the performance test instruments used. The reorgani-
zation of the coatent of instruction blocks, together with numerous

training "deviations" applied to nearly every class, made it inappro-
priate to use test scores from previous classes as baseline data.
Performance measures were not based on consistent training experiences.

Other changes in format made it logistically impossible to
equate training experience even during the evaluation period. In an
effort to reduce the overall length of the course, it was decided to
merge practical training on another test station into the same block
of instruction for which the simulator was designed. To maintain the
same amount of student-equipment contact in one-half the time, classes
were divided into two groups. One group trained on each test station
for two days. By reversing the groups for the remaining two days of
practical training, all students completed their practical training on
both test stations in four days rather than in eight days. The use of
smaller groups and less time was expected to result in the same level
of training as formerly given. However, since all of the performance
testing took place on the day after the practical block of instruction
was complete, it was necessary to control for the sequence of training
received by each student. This procedure was essential to determine if
the intervening training between the training and testing of interest
had a detrimental effect on observed performance.

An additional .,1qg- in the format of the maintenance training
course involved the sequence of instructional blocks within the overall
course. Training on the test station of interest was positioned earlier
in the sequence of instruction blocks. This modification in the course
resulted in less experienced studcnts being trained and tested during
the evaluation. The data collection plan was modified to carefully note
any deviations in the sequence of training blocks. In theory, it was
therefore possible to examine the performance of students in any instruc-
tion block in view of specific prior training experiences.

Reliability of the Training Equipment

A fundamental issue involved in the evaluation of simulated
training devices is training equipment reliability. Clearly, equipment
malfunctions have potential impact on the assessment of both performance
and cost. Generally, it was expected that a review of equipment repair
records together with direct classroom nbservation would be sufficient
to predict the general nature of equipment malfunctions on training
protocols. It was found, however, that recorded malfunctions did not
correlate with training received and that the availability of the
simulator provided a new alternative for dealing with faulty training
equipment.

ci-6



7

While malfunctions of both the actual test station and simulator
were observed, no actual training time was lost due to the availability
of the two training devices. The frequency of equipment failures,
however, was sufficient to cause disruption of routine training and
data collection. The major impact of malfunctions on the evaluation
design was on the random assignment of trainees to experimental groups.
Flexibility in evaluation design was essential to allow for unexpected
changes in the training schedule and to minimize the potential loss of
performance data.

It should be noted that impacts on training and performance
due to equipment failures in prior training blocks were anticipated,
but uncontrolled in this study. For example, in some instances, the
first experience students had with an operational test station c
during the evaluation period.

In large part, equipment reliability defined the format of the
training approach used on the actual test station equipment. Unlike
the approach with preprogrammed malfunctions on the simulator, the
acquisition of practical experience was dependent on pre-existing or
unexpected equipment failures. This was particularly true of the
trouble-shooting aspects of training. In its extreme forms (which were
observed during the experimental period), this dependency resulted in
very limited training. At those times when all Test Replaceable Units
(TRUs) and Line Replaceable Units (LRUs) operated without malfunction,
it was not possible to demonstrate trouble-shooting techniques. At
other times when a specific TRU failure caused the test station to be
inoperative, no training was possible.

Finally, equipment malfunctions during training sometimes
resulted in different training sequences for various classes. To main-
tain student flow, Air Training Command policy allowed instructors to move
to another phase of training and to return to the block of instruction
that was missed after the equipment became operational. In some instances,
when specific AETs remain, 1 inoperable for long periods of time, a class
did not receive any training in a particular block. A "training deviation"
was filed for the class and graduation occurred as scheduled. With
respect to the evaluation effort, these random variations in the training
sequence made it impossible to assess the exact training experience of
any given student at a specific point in time.

Assignment and OJT in the Field

From preliminary discussions with the training staff and field
personnel, . became apparent that field assignments were made in view
of the moment.1ary demand for specific automatic test station operators.
Thus, only a small number of airmen trained were expected to be assigned
to the test station which had been simulated. Although the nature of
the field assignments remained a design variable, it was clear from
the outset that extremely unequal sample sizes for students assigned
to the simulated and other test stations would be obtained.
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Once .rainees were assigned to the field, they entered the training
phase called on-the-job training (OJT). Field training was relatively in-
formal and was designed to develop the skills needed to operate and maintain
the assigned test station.

Field site visits conducted in the course of the assessment revealed
that the number of technicians available and their technical competency upon
arrival determined the extent and type of OJT received. Due to the individu-
alized approach to providing OJT in the field, it was not possible to use the
extent and type of OJT required as an indicator of training effectiveness. An
alternative method of assessing field performance considered was to record
the number and cost of replacement parts requested and used by new technicians
to perform test station and LRU repairs. Utilizing this indirect measure
of training effectiveness was not feasible due to the complexities of obtain-
ing such data in the field. In short, it was difficult to isolate clear
measures of long-range impact of simulator training.

It was anticipated that the performance of simulator-trained per-
sonnel and actual equipment-trained personnel would be compared at specified
intervals of time in the field. The effects of on-the-job training were
expected to be present and constant in both groups and, therefore, any
differences in performance could be attributed to the model of training.
Clearly, with variable amounts of OJT, this assumption was not valid. In
fact, if the originally proposed time series sampling framework was used,
differences in performance due to training would be reduced as time in the
field increased. Therefore, in order to obtain some measure of the long-
range impact of simulator training on performance, it wvas necessary to
devise a method of estimating job proficiency prior to field assignment,
and to collect subjective ratings of field performance fror.- sticivisors
shortly after the field placement (within about two weeks).

Conclusions

Again, it is important to point out that there is no reason to
suspect that the simulated test station and the training environment studied
are atypical in any significant way. These difficulties associated with
designing and implementing a training effectiveness study of a maintenance
training simulator suggest a number of critical factors which should be
considered at the outset of efforts to investigate the role of simulators
in maintenance training. Certainly, any researcher will consider these
issues in planning a training effectiveness study. It appears that mere
consideration of the factors does not ensure that adequate measurement of
simulator training effectiveness will ensue. In fact, unless the interaction
between the simulator and the maintenance training environment can be directly
observed, it is unlikely that a strong research design can be implemented. It
is for this reason that a two phase assessment plan should be considered a ne-
cessity. While Phase II can focus on measuring training effectiveness, per-
haps outside the actual training environment, it is Phase I which serves
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a planning and refinement function that will enable the researcher to
adequately determine the issues relevant to the effective design and
use of the maintenance simulator.

The following discussion presents some issues which should be
considered in the design and use of maintenance simulators. This dis-
cussion illustrates the potential value of an exploratory Phase I.
Additionally, alternative methodologies for implementing Phase II of
a training effectiveness assessment are suggested.

Identification of Training Objectives

Any comparative analysis of simulators and AET must be based
on a clear understanding of training objectives. The present study
was conducted at a time when classroom objectives were rapidly changing
to meet the changing requirements of the field assignment. Given the
lead time necessary to develop the specifications of a simulator and
to construct the trainer, it should be expected that the capabilities
of the simulator were somewhat limited with respect to current tr'lding
needs. Since it is unlikely and perhaps undesirable that tb objectives
of a training course can be stabilized for long period- or time, the
useful lifespan of major simulators may be significantly increased by
emphasizing training related to the general skills required to operate
and maintain all test stations. The specialized functions of each test
station could be simulated with less costly module simulators, which
are either disposable or reprogrammable to meet changlng needs. Such
an approach is not unlike the "Test Station Replaceable Unit" (TRU)
design of equipment already in use. While the main purpose of the TRUs
is to reduce "downtime," the component system by making repairs easier,
makes if easier to update (within limits) test stations to provide test-
ing capability for new or modified aircraft systems. There is no reason
to expect that a simulator designed to replace a test station will not
be subject to the same limitations on utility due to improvement in air-
craft design.

In view of changing course objectives and needs in the field,
it seems that an explicit statement of minimal trouble-ihooting standards
should be made. These standards can, then, form the basis of a variety
of training strategies and trai .-rs.

Define the Anticipated Role of Simulation

From the outset of any investigation, the intent of introducing
simulators into training should be clearly stated. That is, it should
be determined if the simulator designed is expected to replace or sup-
plement actual training equipment. Both are valid approaches to the
use of simulation, of course, but require somewhat different equipment
and research designs.

CI-9
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If the primary objective of inzorppnaiug a simulator into
training is to replace more costly, len.; reliable, and more dangerous
actual equipment, then it is clear Lnat both psychological and physical
fidelity must be considered. 1i0 this case, it is more likely that the
simulator will include t-!- capability of demonstrating basic operations
procedures while dr.iLcating, to a large extent, the physical appearance
of the dctual -1pinent. Physical fidelity is important since trainees
will be e' .igned to actual equipment in the field. A lack of sufficient
phys1'>A fidelity in the simulator and no exposure to actual equipment
t. rraining would almost certainly result in reduced initial performance

on actual equipment in the field. However, further research may determine
which tasks require full fidelity trainers,

If, on the other hand. Lhe objective of incorporating a simulator

into training is to supplement the use of actual test station equipment.
then psychological fidelity should be emphasized. In either case, psycho-
logical fi-clity of sensitivity to operator actions must be established.
Interviews with students who had contact with the maintenance simulator,
conducted directly after the practical instruction block, and responses
from technicians on the field follow-up questionnaires, indicated dis-
appointment with the simulator on this aspect of design. That is, while
the two trainers looked similar, the simulator reacted differently
(slower) to operator input. This flaw was also referred to by Becar
(1978) in his evainaiLon of the maintenance trainer system. Supplemental
simulators eaa more easily focus on more complex tasks, including training
on equipment malfunctions which cannot be introduced or experienced on
actual test station equipment.

The use of simulators for training maintenance sk.lls offers an
oiportunity to provide consistent training since they are less subject
to random malfunctions. Further, simulators designed to augment actual
equipment trainers can be more easily used to train personnel in the operation
and maintenance of test stations in general. More general skills (e.g., sys-
tematic problem solving) not unique to any specific test station can be pro-
vided as an introduction to maintenance training on specific test stations.
In the present study it was found that students trained on the maintenance
simulator performed as well as students trained on actual equipment. IL
is possible that the training benefits of the simulator were not realized
either because the simulator was designed to replace the AET or because
the assessment was insensitive to performance differences. Improved stu-
dent performance was expected, however, becpuoe the simulator provided
more consistent.training experiences, in general, it seems that if the
simulator is designed to replaz the AET', the outcome of a cost comparison
between trainers become Lite major factor in future procurement decisions,
given approximate'; equivalent training capability. Given a "supplemental"
objective. iaiproved performance becomes the major .actor considered.
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Approaci to Teaching

-It is unlikely that a simulator of any quality will be accepted
iuto exi.ting training curriculum if it is not somewhat consistent with
existing'student-teacher interaction patterns. It seems that only a
self-instruction mode in which the simulator guides the student through
a series of problems might result in alteration of these patterns. To
encourage teacher acceptance, the simulator should be effective as both
a visual aid and demonstration tool. This -llows the simulator to be
effectively incorporated into training segments (e.g., theory familiari-

:zation) which do not include extensive practical trouble-shooting ex-
perience. Such a dual purpose simulator would be essentiai if replace-
ment of existing equipment is planned. Also, the thorough introduction
of the training simulator to the training staff, highlighting uses,
real and potential, of the equipment in the overall training program,
will improve instructor acceptance.

The environmental constraints on this study suggest that many
instructional practices have evolved which are deemed necessary to max-
imize the effectiveness of actual equipment as trainers. Given this
situation, it is not surprising that performance differences as a function
of training equipment were not observed. The potential impact of simulator
training on student performance may be realized only if a utilization

N strategy accompanies the placement of a simulator into an existing training
Jenvironment. This plan for using the simulator would, in the likelihood

that its unique training capabilities are tapped, and that benefits ir
terms of improved performance, consistent training, reduced training time,
and cost savings are measured.

Generalization of Findings

Given the preceeding discussior of the impact of the environment
on the evaluation effort, the generalizability of findings from this study
are limited. While every effort was made to adapt experimental design
principles for use in this natural experiment, it was not possible to
rely on many of the premises of basic learning theory. Until parameters
such as content, method, and duration cf training, all known to affect
learning, are subject to more careful control, an adequate analysis of
simulation training effectiveness will not be possible. The point at
which simulators provide the best training for a specified cost or the
least cost for specific training can be determined only if control over
relevant learning factors is possible. To answer the question, "Do sim-
ulators provide more cost-effective training than AET?" it must be able
to maximize the use of simulator capabilities beyond those available on
actual test stations. Simply stated, AETs are not designed for training
purposes; simulatoro can be designed solely for that purpose.

Experimentation in the natural training environment is necessarily
limited by the fact tha& simulators must provide training at lease equivalent

cS
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to that provided by existing actual equipment trainers (AETs). The ade-
quacy of training on AETs in relation to the STS is usually assumed; how-
ever, the issue could also be investigated empirically. It is not feasible
to risk the possibility of providing inferior tratning in the interest of
research which is focused on defining the conditions of maximum cost-
effective simulator training.

There are two viable solutions to avoiding the limitations im-
posed by the natural environment. First, the student could be deviated
from normal training to participate in a well controlled research study
and then subsequently re-enter the training sequence at the point of
departure. The additional cost of deviating students (i.e., cost of
additional day in ATC) would be part of the research costs. The dis-
ruption of student flow from the field's perspective would occur only
at the start of such a project and should not cause any significant
shortages of field personnal since student flow is normally somewhat
erratic. The second alternative is to carefully structure a significant
block of training time to allow the research project to be integrated
into the existing training sequence. Students would complete training
iu the same time frame as usual (or sooner), and any adverse impacts of
the research on performance could be corrected by OJT. The additional
training required (if any) would become itself a measure of training
effectiveness. While other alternatives may be possible, the main point
is that true potential of simulation in training can be determined only
by a focused research effort.

Clearly, some additional costs will be incurred by such research
efforts--a small price, however, given the potential utility of the
information in defining the future role of simulation in maintenance
training. Such research would ensure that future investments in simu-
lators would be based on factual information rather than assumptions. 4
The information obtained should highlight the conditions under which
the use of simulators in maintenance training is most effective. The
overall cost savings would be extensive regardless of the findings.

:4
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SETTING SQT CUT'2SORES - WAYS & MEANINGS (Wed P.M.)

US Army Skill Qualification Tests (SQT) measure how well
soldiers can perform selected tasks in their jobs. Soldiers are
scored competent (GO) or incompetent (NO-GO) on each tested task. A
soldier's overall SQT score is simply the percentage of task on
which he scored GO.

Cutscores for tasks are now set empirically. A cutscore for
the overall SQT score is being developed to serve training and
personnel management needs. The paper examines the presently
identifed needs for an overall SQT cutscore, and relates these to
several proposed methods of establishing that cutscore.
Implications of each method for SQT content and administrative
procedures are discussed.
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SETTING SQT CUTSCORES -

WAYS & MEANINGS

Perhaps no problem has so perplexed criterion referenced test (CRT) developers
as the determination of appropriate competency-based cutscore(s). This may
be because as Glass (19) contends, the issue of cutscores for CRT was born
out of a semantic confusion between the original meaning of "criterion" as a
"criterion variable" (i.e., "a behavioral scale articulated to a test") and
the subsequent meaninp of criterion as "standard", (i.e., a cutscore which
divides competence from incompetence"). Referencing test scores to a behavioral
variable is difficult enough, but divining which behavioral quantum (and
associated test score) represents a qualitative transition from "unworthy to
worthy", "incompetent to competent" poses metaphysical problems with which
most psychometrists are ill equipped to deal. In fact, that divination is not
a psychometric problem at all and consequently cannot be left to test developers.
Setting competency based cutscores is actually a "policy capturing" exercise.
Management sets policy. Psychometrists capture it. Metaphysical policy-making,
however, is difficult even for managers and they are want to foist that
responsibility onto the psychometrists. Nevertheless, then division of
responsibility must be maintained: Management decides the policy on the
distinction between competence and incompetence; then psychometrists oper-
ationalize this policy in setting CRT cutscores. In terms of the players,
then, there are three general stages in setting a competency based cutscore:

1. MANAGEMENT: Defining competence with respect to the content domain

2. TEST DEVELOPER: Operationalizing the definition with respect to the test
by setting a cutscore.

3. MANAGEMENT & TEST DEVELOPER IN CONCERT: Refining the cutscore to accommodate
decision rule preferences.

STAGE 1" DEFINING COMPETENCE - THE MANAGER'S DILEMMA

Competence in CRT is defined with respect to the behavioral domain to be
assessed. Therefore, a domain of "critical skills/behaviors/knowledge" must
be identified. This is generally done through job analysis, mission analysis
or content analysis depending on the subject matter. What results is a list
of behavioral or learning objectives which represent the elements of the job,
mission or training to be evaluated. j

The manager's dilemma is then to divide the listed objectives into three
types:

A. objectives which are essential 'for competence;

B. objectives which are relevant and desirable for competence but not
individually essential;

C. objectives which are irrelevant to competence and which should there-
fore be purged from the domain to be tested. I
The CRT will test those objectives which fall in type A or B.

'AA
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I Type A objectives

If all objectives are defined as "essential to competence.", the manager

has told you that examinees, to be called competent on the CRT, must be at

least minimally competent on 100% of the objectives. This means that, if
the portion of the CRT devoted to each objective were scored "pass" if the
response was minimally competent or better, (NOTE: the minitmlly competent
response may be less than perfectly correct) and "fail" o.herwise, the nominal
competency based cutscore for the whole CRT would be 100%. Having so
operationalized competency as a 100% score on the CRT, stage 2 is accomplished.
All that remains is stage 3, to refine the cutscore based on management's
willingness to give the examinee some benefit of the doubt. (NOTE: "Doubt"
is defined by some index of measurement error). Glass (1977) calls this,

"counting backwards from 100".

Type B objectives

The psychometrist is more often faced with some or all objectives described
as Type B. If objectives are descred as Type B, the manager has equivocated
and so owes the psychometrist something more by way of definition. Fortunately
at least two courses of action are open to the manager:

S Plead "competence is what competents do" and then either identify
people who are representative of competency determined groups or identify 7

judges (subject matter experts) who can estimate what competents would do on
the test.

* Boldly assert that competence means mastering a specified prcportion
of the Type B objectives. (NOTE: It may be necessary to first weight the

objectives in terms of contribution, to competence if all objectives are not
equally important.) This weighting can be most directly accomplished by
manipulating the relative proportion of test content de'oted to each objective.
More important objectives are accorded a larger part of the test content than
less important ones.

If the former course of action is chosen, the psychometrist must operationalize
the definition as described in stage 2. If the latter course of action is
chosen the manager has operationalized competence (e.g., "at least minimally
competent on 80% of the objectives) in the same way as it was operationalized
at 100% for Type A objectives. This pre-empts the need for stage 2, leaving
only cutscore refinement to be accomplished.

A mix of Type A and B objectives

If given a mix of Type A and Type B objectives, the most straightforward
. approach would be to create two tests - one made up of the Type A objectives

with its own cutscore and one made up of the Type B objectives with its own

Footnote: Setting "an objective-level, competency-based passing score" for
the portion (e.g., a question, or a sub test) of the CRT devoted to each object-
ive, proceeds in the same way as for the whole CRT except that subject matter
experts, instead of managers, define competence on the objective.
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cutscore. Good examples of such tests are driver's licence exams, with a
"basic signs" section (Type A objectives) requiring 100% mastery and a general
operator knowledge/performance section (Type B objectives) requiring 80%
mastery.

STAGE 2: OPERATIONALIZING THE COMPETENCY DEFINITION - PSYCHOMETRIST'S WORK

(NOTE: This stage is needed only for Type B objectives for wbich
competence was defined as "what competents do"). A number of distinct
cutscore-setting techniques have been proposed. These can be categorized in
many different ways, but, for simplicity, only three dichotomous dimensions
are needed to show the major differences in approach . These dimensions are:

8 Atomistic vs Holistic - Will the cutscore be determined directly from
total score analysis (i.e., holistically) or indirectly frow score analysis
and accumulation of scores on each tested objective (i.e., atomisttcally)?

0 Empirical vs Rational - Will the cutscore determination be based on
actual test scores (i.e., empirically) or logical conjecture about how certain
test takers would or should respond (i d., rationally)?

I Contrasting Groups vs Anchor Group - Will the cutscore be set so as to
optinally differentiate competents from incompetents (i.e., contrasting grouDs
approach) or so as to pinpoint performance of the borderline competent (i.e.,
Anchor group approach)?

these three dichotomous dimensions yield eight different procedures for
setting competency-based cutscores. These procedures and a sample cutscore
algorithum for each are shown in figure 1. (NOTE: A variety of specific
techniques may fit into a single procedure cell as for example the ATOMISTIC-
RATIONAL-ANCHOR GROUP cell. This cell include the Ebil technique. the Angoff
technique and the Nedelsky technique).

Comparative studies have shown that different techniques both within
(Andrew and Hecht (1976), Hambleton (1978), S1-akun and Kling (1980) ) can give
very different cutscoies and results for the same test. Unfortunately, there
is as yet no evidence to establish which procedure gives truest results, in
part because "truth" with respect to competency is itself debatable. However,
there are reasons to suspect the accuracy of some methods more than others.

RATIONAL VS EMPIRICAL: All methods require one of two types of judgments

by managers or subject matter experts:

0 judgment about what competents would or should be able to do on the
test (RATIONAL METHODS), or

0 judgement about who is clearly competent/incompetent or marginally

competent (EMPIRICAL METHODS).

---

Footnote 2: The procedures which are discussed all require the assumption that
the CRT scores are monotonically related to the criterihn ( ...
behavioral scale, as is true for most CRT. Where monotonicity does not obtain,

mu]tiple cutscores defining regions or profiles would be needed--but that is
another papar. A
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However, there is good reason to believe that the latter (EMPIRICAL METHOD)
judgements are mote accurate. First,.people are, in general, more accustomed
to making judgements about the competency of others, whereas they are unfamiliar
withthe task of "imagining" how hypothetiLally competent examinees would
specifically perform on tests. Secondly, judgements about real people are less
abstract than similar judgement about hypothetical examinees. Thirdly, inter-
judge reliability is know to be poor for the RATIONAL METHOD judgements.

Consequently, EMPIRICAL METHODS would seem to be preferable to RATIONAL

METHODS, or at least no worse.

CONTRASTING GROUPS VS ANCHOR GROUPS -

Given a preference for EMPIRICAL METHODS, the question becomes: can
judges more accurately identify members of contrasting groups (i.e., clearly
competent or clearly incompetent) or members of anchor groups (i.e., border-
line competents)? Again it seems that one of tnese determinations would be
more accurate than the other. CONTRASTING GROUPS are composed, by definition,
of people whom judges can clearly identify as competent or incompetent.
Borderline ANCIOR GROLTS are composed, by definition, of people whom judges
cannot clearly categorize as compeLent or incompetent. This judgemental I
indecision results from some combination of two uncertainties: uncertainty
about where, precisely, the line between competence and incompetence lies,
and/or uncertainty about the capabilities of the people being judges. This
former uncertainty, if not too great, is rolerable since the precise value is
to b2 estimated from some certral tendency statistic on the anchor group's
scores. The latter uncertainty is very problematic since it subverts the
meaning of the ancihor group. That is, the anchor group would represent
unknown performers rather than borderline performers. (NOTE: If ANCHOR GROUP
METHODS are to be used, specirl care must be exercised to insure anchor group
membership is not based on uncertainty about the capabilities of the people
being judged.) Conseqaently, a concern for judgement accuracy leads to a
preference for EMPIRICAL-CONTRASTING GROUPS METHODS.

i' ATOMISTIC VS HOLISTIC METHODS -

Since patterns of performance across test elements are not important, it
makes little sense to go through the rigamarole of empirically determining
competent vs incompetent perform -ce on each test element in order to arrive
at an overall cutscore, when a direct determination, based on overall score is
much easier.

Furthermore, since empirical estimates of minimally competent performance
on each test element are subject to sampling error, then consolidation of
these estimates into an overall cutscore results in a concomitant accumuation
of the element-wise errors of estimate for the overall cutscore. It is likely
that estimation of an overall cutscore directly from overall scores would

¢ " involve less estimate error.

Consequently, HOLISTIC METHODS are preferable where feasible and they are

feasible under empirical approaches.
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Following the above line of reasoning, then, EMPIRICAL - CONTRASTING GROUPS -

HOLISTIC METHODS seem to be the most preferable approach. A pilot study using
this approach to setting cutscores for selected US Army Skill Qualification
Tests (SQT) will be conducted in 1981.

STAGE 3: REFINING THE CUTSCORE - CONCERTED WORK

At the end of the second stage, a cutscore has been set which satisfactorily
operationalizes management's definition of competence. However, cutscores
are ordinarily used to support decisions. For example, people are hired/not
hired, promoted/demoted, retained/terminated/remediated depending on whether
they scored above or below the cutscore. Consequently, decision consequences
affect the desirability of a particular cutscore.

Desirability is defined in terms of misclassification costs. Since most
CRT are not perfectly valid and since most cutscores are not perfect
operationalizations of the competency definition, some examinees will probably
be misclassified as competents or incompetents. Truly competent examinees
who may erroneously score below the cutscore would be called "false incompetents."
Truly incompetent examinees who may erroneously score above the cutscore would
be called "false competents." Such misclassifications may incure serious costs
in a number of areas:

6 Actual fiscal losses ri-sulting from poor performance of "false competents"
who were hired/promoted/retained.

0 Loss of potential gains from good performance which would have resulted

if false incompetents had been hired/promoted/retained.

0 Morale degradation associated with apparently erroneous personnel actions.

• Hazards incurred from using false competents to perform dangerous Jobs.

* Costs of wasted remedial training for false incompetents.

Taking all such misclassification losses into account the manager must

decide, or balance, which type of misclassification (i.e., false competent or
false incompetent) is most tolerable. This decision will determine the
direction of the cutscore refinement.

* If false competents are more tolerable, the cutscore will be lowered,

allowing for relatively more false competents and relatirely fewer false
incompetents.

* If false Incompetents are more tolerable, the cutscore will be raised,
allowing for relatively more false incompetents and relatively fewer false
co-patents.

If false competents and false incompetants are equally tolerable, then
refinement of the cutscore which equalizes numbers of false competents and false
incompetents is needed3 .

Footnote 3: The cutscore set during stage 2 has probably accomplished this.

Where stage 2 was precluded, and competency is onlX defined in terms of the CRT,

tben the cutscore can be moved to the 'alue which equalizes decision consistenc)

for competents and incompetenst across-two or more test administrations.

DA-1-6
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The magnitude of the cutscore refinement depends on:

6 The manager's regret of false ccmpetents relative to false incompetents
(NOTE: Often called the regret ratio, and expressed as, for example, ". can
tolerate three times as many false competents as false incompetent(s)".

The cutscore is then refined to finally acceptable value either:

9 by trying out various values until the one which most closely captures
the desired regret ratio is found, or

0 (appealing to classical true score theory) by determining the value,
based on standard error of measurement, for which the true score may equal
or exceed the initially determined (stage 2) cutscore with a desired probability
(i.e., this probability would be based on the regret ratio) 4.

SQT CUTSCORE - AN EXAMPLE (TO BE PILOTED)

The Skill Qualification Test (SQT) is a CRT which tests a selected set of
performance objectives, called tasks, from the examiree's job. There are
nearly 1000 'jobs' .n the US Army and, for most, the critical tasks which
comprise the job have been listed. Generally there will be an SQT for each

job. The selection of tasks tested in the SQT is drawn frombut not necessarily
representative of the domain of tasks which make up each job. Soldiers are
advised of the tasks in their job to be tested, and encouraged to "train for
the test".

Competency-based cutscores are determined for each tested task during
validation. Soldiers are scored 'GO', meaning task competent, or 'NO-GO',
meaning task incompetent, for each task tested in their SQT. The overall
SQT score a soldier receives is simply the propption of tested tasks on which
he scored 'GO'.

The cutscore problem for SQT is to determine the overall SQT score which

differentiates competent job incumbents from incompetent job incumbents.

The fact that the SQT does not necessarily represent the job domain and
that soldiers train for the test precludes inference from SQT results to
some domain score. In any case, the tasks which comprise a soldier job have
generally been treated as Type B (i.e., desirable but not essential to
competence) objectives. In the past, program managers, at stage 1, asserted

" that 60% 'GO' would define job competence. However, a fairly wide spread in
pass rates from job to job has undermined satisfaction with 60. The next
logical approach far Type B objectivesthen is to define competence as "what
competents do". Since SQT scores are not generalizable to the domain of
tasks for the job, job competence defined on the domain cannot be rationally
related to an SQT score. Consequently a statistical (i.e., empirical) linkage

--- -------------------------------------------------------------------------------

Footnote 4: For example, if:
(20 false competents

regret ratio -1 false incompetenq; the SEM = 10; and original
cutscore = 100, then 84 100 - 1.64(10) would be the refined cutsccre.
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is sought. For reasons discussed earlier, a HOLISTIC-EMPIRICAL-CONTRASTING
GROUPS METHOD will be used to effect this linkage. Supervisors will be asked
to identify soldiers from among their subordinates who they judge to be
clearly competent or clearly incompetent with respect to te job domain of
tasks. These scldiers will then be tested on the SQT durin; validation. When
sufficient and equal samples of judged competent and incompetent soldiers are
obtained, their SQT scores will be analyzed to determin& the SQT cutscore
which would best differentiates competents from incompetents. This stage 2

process can be accomplished by way of a contingency table analysis using
competent/incompetent group membership as o;ie factor and above/below SQT
cutscore as the other factor. Then different SQT score values would be
tried out to determine which optimizes soine index of relationship (e.g.,
Cohen's Kappa; Phi; % of correct classifications or a discrimination index)
between the two factors. Such a procedure will likely result in a different
cutscore for each SQT.

Cutscore refinement will also be SQT peculiar in deference to the very
different regret ratios likely for the very different jobs. For example false
competents are a much more serious problem in nuclear weapons specialties
than in bandsmen jobs, and this fact will be reflected in different regret
ratios.

Since false competent and false incompetent rates will be known for
various SQT scores from stage 2 analysis, a refined cutscore which provideo
misclassification errors approximating the regret ratio may be directly
determined.

Scorirg above/below such an SQT cutscore would then mean that a soldier
performed like job competents/incompetents on the set of tasks tested in the

SQT. Attaching such meaning to the cutscore is the sign of a job well done.
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Determining Task Commonality in Navy Training

Two Methods Examined

by

Douglass Davis

and

Nancy N. Perry, Ed.D.

Staff, Chief of Naval Edocation and Training
Pensacola, Florida

ABSTRACT

Instructional technology in naval training is more than the'sum of its parts.

It is a systematic way of designing, carrying out, and evaluating the total
process of learning and teaching in terms of specific objec.ives. Inherent in
this prodess is task analysis, which results in the development of task
inventories. From these task inventories, tasks are selected for training.
There are presently two methods of comparing tasks for commonality in Navy
training: (1) subjective judgment of Navy technicians, or subject matter
experts, and (2) use of a computer in an experimental model which employs
subject-matter-expert input in the recording of job data and the computer in
storing and retrieving the data. This paper explores the relationships between
subject-matter-expert task commonality rankings of given sets of tasks (from
most of least common) and computer rankings of the identical (same) tasks
within the framework of an experimental model.
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Instructional technology in the United States Navy is known as "Instruc-
tional Systems Development," and is often referred to as "ISD." Instructional
Systems Development Is defined as

a systematic way of designing, carrying out, and evaluating the total
process of learning and teaching in terms of specific objectives, based
upon research in human learning and communication and employing a
combination of human and nonhuman resources to bring about more
effective instruction (Commission on Instructional Technology, 1970,p. 19).

Scanland (1977) compared the ISD phases to the functions of management.
Figure 1 (p. 7) below lists the functions of management down the left side.
The next column, under the caption "ISD PHASES" lists the major components of
nearly all ISD i odels. The first item under the heading "ISD STEPS," task
analysis, is the most essential component of ISD. Task analysis produces task
inventories, or lists of actual job tasks, which trainees will be able to per-
form upon completion of Navy training programs, after they have been assigned
to a billet in tbf: NANA v ;rorce.

MANAGEMENT ISD PHASES ISD STEPS

TASK ANALYSIS

ANALYSIS & DESIGN SELECT TASKSPLANNING ALTERNATIVE STRATEGIES
OBJECTIVES
CRITERIA

MATERIALS
DEVELOPMENT METHODS

ORGANIZING EQUIPMENTSFACILITIES

PERSONNEL

IMPLEMENTATION j - VALIDATE
CONTROLLING IMPLEMENT PLAN

CONDUCT

I - PROCESS
EVALUATION PRODUCT

EVALUATION- FEEDBACK J11
CORRECT

Figure 1. Management and ISD functions compared.
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This paper addresses only one dimension of task analysis--that of deter-
mining commonality among related tasks. For purposes of establishing a common

understanding, we may say that two tasks with identical performance require-
ments (skills required, tools required, conditions, actions, etc.) would be 100
percent common, or identical. Tasks having fewer identical requirements would
be common to a lesser degree. At this point, it would be worthwhile to begin
with a historical perspective of task analysis and the attention given thus far
to the determination of task commonality.

Job/task analysis as a basis of Navy training program development emerged
in the late 1960s (Bureau of Naval Personnel, 1968) and was institutionalized
by Rundquist (1970) who employed a "systematic procedure" of analyzing jobs by
subdividing them into component "duties" and further subdividing duties into

component "tasks." This analysis procedure actually originated during the last
decade of the nineteenth century, as a component of Frederick W. Taylor's
"scientific management" (1947, p. 271). Taylor stated that tasks could be
simplified after their content was known by subdividing them into elements
which were less comprehensive (Butterworth, 1973), and emphasized, "Perhaps the
most prominent single element in modern scientific management is the task idea"
(1911, p. 39). It is generally acknowledged that the most prominent single
element in ISD is still the task.

' Tracey, Flynn, and Legere incorporated commonality into Army ISD (1970)
through "universality" or general objectives having wide application. The
rationale was that a skill or knowledge required for use in many job situa-
tions was more likely to be a candidate for training than one which occurred in
only a few job situations.

Rundquist attempted to incorporate commonality into design of training by

grouping similar tasks that could be consolidated for training purposes. This
attempt involved "sorting Job Task Cards until satisfied that job tasks can be

trained together have been brought together" (1970, p. 43).

In 1973, the Individualized Learning Development Group at the Naval
Training Center, San Diego, California, developed a Job Task Analysis Manual

which placed task commonality considerations at the "front end"--in the selec-
tion of tasks for training--of ISD. Tasks were grouped by universality codes
during job/task analysis. For example, CODE 1 tasks were tasks that appeared
to be common across the board. No significant deviation existed between afloat
and ashore activities. CODE 2 tasks appeared to be performed primarily afloat,
with no significant deviation from one afloat activity to the next. Other
codes designated tasks that appeared to be performed primarily afloat at a
single activity, etc.

Even though each of the attempts to deal with commonality differed in its
systematic approach, researchers were successful in communicating the esseatial

concept. Navy policy makers had begun to entertain commonality considerations
by 1974, at which time the Navy restudied its work structure, personnel util.-
zation, and training, and developed a "new" Navy Enlisted Occupational Classi-

fication System (NEOCS) which called for a reduction in duplicative work

classifications and in~tructional efforts through the maximum utilization of
schools common to numerous ratings and occupational fields (Chief of Naval
Personnel, 1974).
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In response to the "new" NEOCS, the Chief of Naval Education and Troining
enunciated the need to "Design and develop an ADP (automated data processing)
system to identify common tasks/learning objectives across ratings/occupational
fields" (1974, enclosure 2). The plan for such a system was published as the
Naval Enlisted Professional Development Information System Automated Data
System Plan (Chief of Naval Education and Training, 1977). In support of this
plan, an experimental model task inventory file was developed by the Career
Development Group, Pensacola, Flurida, under the sponsorship of the Chief of
Naval Education and Training. An essential contribution of the experimental
model has been use of the computer in comparing tasks for commonality through
storage and retrieval of numerous data regarding individual task performance
requirements, including cues, standards, reference materials, conditions of
performance, etc., and a set of descriptive characteristics for each task. The
descriptive characteristics result from subject-matter-expert use of official
operation and repair manuals approved for use in job situations (Ansbro,
1978).

The experimental mqdel is the nucleus around which this paper has been
prepared. Aside from this model which employs both subject-matter-experts and
a computer, Fink (1978) reported one other procedure for identifying identical
and similar tasks in the Navy ISD process. That procedure is based strictly
upon the subjective judgment of Navy technicians. This paper addresses an
overview of the mechanics of the experimental model and some of the prelimitary
results of comparisons of the two procedures, in terms of results.

The experimental model task inventory file, which is a part of NEPDIS(Naval
Enlisted Professional Development Information System), is designed to be a
computerized system for storing, processing, managing, and retrieving
information from job and task data collected from official Navy personnel and
technical data sources such as those listed in Table 1. When these data have
been converted from job requirements into training requirements, they can be
u d for designing a training system that can deliver effective, efficient, and
timely training programs.

Table 1

Examples of Sources of Official Navy Personnel and Technical Data

Technical Data:

Training Manuals
Specifications
Instractions
COSAL (Coordinated Shipboard Allowance List)
3-M (Maintenance and Material Management)

Personnel Data:

PQS (Personnel Qualification Standards)
EOSS (Engineering Operational Sequencing System)
PARS (Personnel Advancement Requirement System)
NOTAP (Navy Occupational Task Analysis Program)
SMD/SQMD (Ship Manning Document/Squadron Manning Document)
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Determining commonality of tasks is only one small portion of the NEPDIS
capability, but it is an important one, because comparing tasks for commonality
and eliminating the training of redundant tasks makes training more efficient.
It is the CNET goal to provide a proficient occupant for every billet at mini-
mum cost (Cagle, 1973) that has led to the portion of the NEPDIS experimental
model under discussion.

Before we can show how the computer is used in this model to determine com-
monality among tasks, we must first describe how the data are collected and
entered into the task inventory file.

As in the other method for comparing tasks for commonality, NEPDIS employs
subject-matter-experts (SMEs) for the initial recording of job data. The dif-
fer".nce is in how the SMEs are employed. The other method uses the subjective
judgment of the SME to assess the degree to which two tasks are common; in sum,
NEPDIS provides the SME with the opportunity to record objective data about
each tank and then uses the computer to compare sets of objective data among
tasks tc determine the degree to which the tasks are common.

When an SME is essigned to record task data for a given set of tasks for a
rating, he first fills out a job data worksheet which contains descriptive
information--e.g., what the task is, where it is performed, what cues ivitiate
task performance, and what requirements there are for successful task perfor-
mance (necessary tools, equipment, materials, and references).

In addition, the SHE records the major functional category, or primary
division into which Navy tasks are classified. Examples of major functional
categories are maintenance, operation, and administration. The SHE also

4 records the duty subcategory of the task. Each duty subcategory is a further
breakdown of a major functional category. For example, in the major functional
category of maintenance, a task may te further classified as checking/testing/
Inspecting, performing preventive maintenance, or performing corrective
maintenance.

k Once the job data work sheet is complete, the SHE turns his attention to
the task data worksheet. After recording the rating in which the task is
performed and the task number, the SHE deals with a series of descriptive
oharacteristics that define each task.

Descriptive characteristics are unique to the NEPDIS model. Within several
different categories, the SHE is asked to specify which of three statements

r best describes performance requirements pf each task. These categories include
a general category that applies to all tasks, the specific duty subcategory
into which the task has been classified and five skill areas related to the use
of references, tools and equipment.

Figure 2 conta[ s examples of some of the three statement choices for theI'. duty subcategory, performing corrective maintenance.' A "1" statement is the
least complex; a "3" statement is the most complex.

DA-2-5
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A. REMOVAL/REPLACEMENT

1. Simple change of location - requires no fastening/unfastening

(lift, unplug, push aside, etc.).

2. Dual action - fastening/connecting/unfastening/disconnecting in
addition to change of locations.

3. Multiple action - requires other supporting actions in addition to
fastening/connecting/unfastening/disconnecting and change of location.
Example: remove/replace aircraft engiie.

B. CONNECTORS (CONNECTING/DISCONNECTING)

1. Single connector - single type. Example: Cannon plug.

2. Multiple connectors - single type. Example: 2 leads on resistor
or cannon plugs.

3. Multiple connectors - multiple types. Example: bolts, cannon

plugs, and resistor leads.

Figure 2. Examples of Descriptive Characteristics from the Duty
Subcategory "Performing Corrective Maintenance."

Figure 3 shows how the computer displays these data. The descriptive data
about the task from the job data worksheet is printed first. The "signature
block" comes from the task data worksheet. Each successive number in a hori-
zontal row reprecents the statement selected for the respective choice in each
category or skill area.

Once in the computer, these data may be used to calculate two additional

pieces of information that further describe the task, and may lead to a
description of the task in terms of its commonality with other tasks. The
first is the complexity index, or a number derived from weighted values
assigned to the descriptive characteristics. The complexity index is the
weighted sum of the values of all the descriptive characteristics divided by
the weighted sum of what the values would be if the characteristics were as
complex as possible, i.e., all 3's, and then converted to a five-point scale.

The second value that can be calculated from the task data is the degree to
which two (or more) tasks are common. If two tasks have the same numerical
value for one descriptive characteristic, they are identical for that charac-
teristic. Of course, the more characteristics they have in common, the more
alike the tasks are.

Using the two concepts of task complexity and task commonality, tasks may
be divided into four groups of tasks with respect to their commonality:

(s) Unique tasks. Tasks which are not common with any others in the
set of tasks being examined.

DA-2-6
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NO. 2 RATING=AE PKG=0004 TASK=0021 DS=O1

PLATFORM=P-3 A/B SYSTEM=WSHLD HTG SYS
EQUI PMENT=NC COMPONENT=NC
MODULE-NC

ACTION=IFT, ISOLATE FAULT/TROUBLESHOOT WSHLD HTG SYS 41330

CUE#....... ..... ....... MALFUNCTION

REFERENCE ................ NA-O1-75-PAA-2-2.4
SUPPORT EQUIP ............ POWER UNIT NC-12
TEST EQUIP............... TEST SET WNDSHLD ANTIICE FT247
STANDARD............... .lAW REFERENCE PUBLICATION

TOOL ................... COMMON HAND TOOLS
TEST EQUIP ............... MULTIMETER PSM-4
TEST EQUIP ............... BLOWER ASSY R1730-218-88

COMPLEXITY=2.20

GENERAL 212311000000000000000000000000
DUTY SUBOI 332322100000000000000000000000
SKILL 1 211330000000000000000000000000
SKILL 2 121100000000000000000000000000

!SKILL 4 233113300000000000000000000000
SKILL 5 323333330000000000000000000000

Figure 3. Computer Printout of Task Data in the NEPDIS Task

Inventory File.

(2) Identical tasks. Tasks which are 100 percent common with other

tasks. When one trains one tasks, he/she trained all other tasks identical to
it.

(3) Omnibus tasks. Tasks wiich contain other tasks. For example, in
the AE rating, the task "Perform an operational check on the SW Rate Gyroscope
CN 495A/AJB-3" includes the task "Perform a bench check on the automatic pilot
warning lights flasser 52118." Therefore, the operational check has a higher
complexity index than the bench check. In every instance where their descrip-
tive characteristics are not identical, the descriptive characteristics of the
operational check have a higher numerical value. If one has trained for the
omnibus task which is the operational check, then one has necessarily also
trained for the bench check.

(4) Embodied tasks. Tasks included tn other tasks. The bench check
~in the preceding example is embodied in the operational check.

Examination of the total tasks contained in any rating to identify these

kinds of tasks may result in a great reduction in the need for training. For
example, the experimental job task inventory file, through the identification
of identical tasks, reduced the task inventory for the Aviation Electrician's
Mate (AE) Rating from 3,772 tasks to 1,180 tasks. A further reduction resulted
in all of the 1,180 tasks being contained in 469 omnibus tasks. This goes to
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say that a training program (or programs) which trained the 469 tasks would,
within the parameters of the data stored for each task, in effect, have t-ained
the 3,722 tasks.

Present paper and pencil task analysis does no, make possible the realiza-
tion of a Navy training system. The stockpile of data precludes manual manipu-
lation; a computer must be used to bring job data into a manageable perspec-
tive. A rough calculation of 84 ratings multiplied by thousands of tasks per
rating, suggests that the Navy requires an ADP (automatic data processing) sys-
tem for tracking the skills required to operate and maintain the Navy's equip-
ment just as surely as it needs ADP systems to account for that equipment.

This apparent success, or the promise which such a reduction seems to hold,
is indeed encouraging, but not to be taken lightly. There are many questions
which are yet to be answered. Some of them have been answered, at least in
part.LFor example, whether the computer can rank tasks for commonality as well as
technicians can rank the same tasks, is one question that deserves an answer.
The Naval Education and Training Command has conducted some preliminary studies
in search of an answer, and the results are encouraging. In one study, common-
aiity rankings of two groups of personnel were correlated with computer rank-
ings. The first group was comprised of personnel in paygrades E-3 through E-5;
the second group was comprised of personnel in paygrades E-6 through E-9. The
study concluded that responses of senior personnel correlated highly with the
computer data and the data are significant (alpha = .05) in the majority of
cases. Data from less experienced personnel did nct correlate as highly with1; the computer responses as did the data from the senior paygrades in this study,

nor did the junior personnel agree among themselves to the high extent that the
senior personnel did.

Other studies are being planned. One will involve inclusion of the com-
puter rankings witb technician rankings to see whether the coefficient of
concordance is higher with technician rankings alone or after the computer
rankings have been included. Other tests are planned to determine whether
learning analyses of identical tasks can be utilized interchangeably and
whether one can, in fact, perform an embodied tasks if the associated omnibus
tasks can be performed.

More than three-quarters of a century elapsed before Navy trainers, with
the help of Rundquist, actually employed the job/task analysis procedures
advocated by Frederick Taylor. Computer storage and manipulation of discrete
tasks is another bold movement, perhaps too bold for unanimous acceptance at

9this time, but surely a move with promise enough to deserve, and hopefully
withstand, the tests that are yet to be applied.
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DELONEY, J.R., & BURT, J.A., U.S. Coast Guard Institute, Oklahoma City,
Oklahoma.

AN ASSESSMENT OF OOD COMPETENCY IN THE WAKE OF THE BLACKTHORN
INCIDENT BY APPLYING A MODIFIED MAPL PROCEDURE (Tue P.M.)

One of the results of the collision and sinking of the U.S.
Coast Guard cutter Blackthorn was the development of a new test on
navigation rules to be administered to the OODs (Officer of the

Deck) in the Coast Guard. The purpose of the test is to determine
knowledge of the rules of the road. A modified application of the
Minimally Acceptable Performance Level (MAPL) technique, a procedure
developed by Meredith (1977) based on the earlier work of Nedelsky
(1954), was used to determine what score represented a minimal level
of competency. The technique employs subject matter specialists to
rate each distractor of each item as to whether a minimally

acceptable OOD would or would not know whether the distractor was a

wrong choice. Major modifications were made in the MAPL technique
to obtain consensus on whether a minimally acceptable OOD would
judge the distractor as correct or incorrect. The procedure and

I modifications are described in the paper with example data.
Application of the procedure to other types of military testing are

also discussed.
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Assessment of Competency Following the BLACKTHORN

Incident by Applying a Modified MAPL Procedure

Julia R. Deloney John A. Burt

Coast Guard Institute
P.O. Substation 18

Oklahoma City, Oklahoma 73169

One aftermath of the sinking of the Coast Guard cutter BLACKTHORN was the
modification of the method for qualifying Officers of the Deck (OOD). The major modification
was the development of a paper and pencil examination on navigational rules of the road to be
used in addition to the standard certification procedure which requiied knowledga of or
experience with factors such as shipboard organization, search and seizure, international
agreements, pollution control, navigation, and shiphandling. The purpose of the test was to
determine knowledge of rules of the road. A modified application of the Minimally Acceptable
Performance Level (MAPL) technique, a procedure developed by Meredith (1977) based on the
earlier work of Nedelsky (1954) was used to determine what score represented a minimal level
of knowledge.

Method

Two parallel forms, Form 51 and Form 52, of the test were developed by Coast Guard
Institute personnel based on manual CG-169 Rules of the Road. This manual contains the rules
to be followed by vessels traveling in international waters and irn inland waters. Each tes
contained 100 items broken into three sections; International Rules, Inland Rules, and Pilot
Rules for Inland Waters. All three sections were further subdivided into Genera! Rules and
Terms, Light Displays and Dayshapes, and Sound Signals.

The original procedure for applying the MAPL technique employed a panel of experts to
consider and rate each distractor of each item of a test. A MAPL score was then computed
from the results of the ratings.

Six subject matter specialists from the Coast Guard Institute were employed in assessing
each item of the two forms of the test. Time and financial constraints limited the choice of
panel members to personnel available at the Institute. However, those who participated as panel
members were experts in the field. The specialists were chosen based on their previous I
experience as OOD, as commanding officers of ships, and with the navigation rules. As seen in
Table 1, two specialists were item writers who were former Merchant Mariners, two had served
as OOD for 1I and 2 years, and two had served as both OOD and commanding officer. One had
also served as Executive Officer. Three of the experts held licenses as Merchant Mariners. The
six specialists represented approximately 53 years experienc, with the navigation rules.

_ _MVP LICENSED TOTAL-ITEM MERCHANT YEARS

CO XO OOD WRITER MARINER EXPERIENCE

SMSI X X X 4Y2" SMS 2 X X 24
FSM24'S M S 3XX6

XSMS X X 6

SMS 5 X 2
SMS6 X X 15

TOTAL YEARS EXPERIENCE 53

TABLE 1. - EXPERIENCE OF SUBJECT MArTER SPECIALISTS.
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The MAPL procedure a applied by Meredith required each member of the panel of six to
eight subject matter specialists (SMSs) to independently rate each distractor of each item
according to the following criteria. A rating of 0 was assigned for yes, meaning the minimally
acceptable person would know this was a wrong answer; I for neither yes or no; and 2 for no,
meaning the minimally acceptable person would not know this was a wrong answer. (See Table 2).

Would the minimally acceptable person know this alternative is a wrong answer?

0 YES, S/HE WOULD KNOW THIS IS A WRONG ANSWER
1 NEITHER YES OR NO2 N0, S/HE WOULD NOT KNOW THIS IS A WRONG ANSWER

Table 2. - Question and ratings Subject Matter Specialists applied to each distractor.

The correct option was always assigned a value of 2. The distractors of the first six items were
rated independently. The panel members then discussed the ratings they had assigned until all
members agreed on the rating t. be assigned to each distractor. The purpose of this discussion
was to insure that each panel member fully understood the criteria for rating each distractor.
The SMSs then independently rated the distractors for the rest of the test.

Table 3 gives the MAPL computation procedure. To compute the MAPL score, the pointsassigned to each item were totaled for each SMS. Then the SMSs totals were summed over eachitem and the average value was determined for each item. This was called the Average Total

Points (ATP). Next, the Alternative Similarity Index (ASI) was computed by dividing the ATP
into the correct option value, 2. All ASIs were added to find the MAPL score. To convert this
to a percentage score, the MAPL score was divided by the total number of questions and
multiplied by 100.

ITEM (* = CORRECT CHOICE)

I# CHOICE SMS-l SMS-2 SMS-3 SMS-4 SMS-5 ATP AS!

1. A 2 1 2 2 1
*B (2) (2) (2) (2) (2) 31 5 = 6.2

$ C 1 0 1 2 1 2 6.2=
D 0 2 2 2 0.32 I

7 3 7 8 6

2. A 0 1 0 0 1
B 0 0 1 1 1 17 5 = 3.4
c 0 0 0
*D (2) (2) (12L (2) 0.59 4

3 3 3 4 4

3. *A (2) (2) (2) (2) (2)
B 0 2 2 1 1 30- 5 6.0
C 1 2 1 2 1 2 6.0:
D 1 2 1 2 0.33

4 7 7 6 6

rASI : 0.32 + 0.59 + 0.33 : 1.24 = MAPL Score
1.24 -3 = 0.413 X 100% = 41.3% = PERCENT SCORE of MINIMALLY ACCEPTABLE PERSON

TABLE 3. - MAPL computation procedure.
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The aim of the MAPL procedure is to establish an overall score that represents the level

of achievement required for a person to be consiaered minimal!y acceptable. The way theIA PL procedure produces a minimally acceptable cut score can be explained as follows.
Suppose all distractors for all items in a test were assigned a rating of 0, meaning a minimally
acceptable person would know tht all the distractors for the items were incorrect. Assuming
that the examinee can identify the correct response by eliminating the distractors known to be
incorrect, a value of 2 is assigned the correct response; which means. as defined in Table 2, at
mininium the examinee would not eliminate the correct response. Thub condition would
represent the minimal situation in which a correct response could be attained (discounting
guessing). Consequently, in calculating the ASI, the baseline 2 is divided by the ATP. In the case
where all distractors for each item on a test aie assigned a 0, the ATP value for each item
would be 2. and 2 divided by the baseline 2 equals 1, the ASI (See Table 3). Summing the ASI's
and computing the percentage yields a percent score of 100 for the minimally acceptable person
(See Table 3). Again, suppose all distractors were assigned a rating of 1. The calculated ATP
value is larger and the ASI value is smaiier. Summing the ASI's and computing a percent score
yields a lower percent score the minimally acceptable person must score to be considered
minimally acceptable. Once rore. assigning a rating of 2 to each distractor raises the ATP
even more, further reduces the ASI, and again lowers the percent score the minimally
acceptable peron must achieve to be considered minimally acceptable. In this manner as the
distractors in test items become more difficult to discriminate from the correct response by
the minimally acceptable person, the lower the MAPL technique establishes the cut-point for
the test.

The method used was modified by the Institute from the usual application of the MAPL
technique to obtain consensus on the ratings assigned by the SMSs for each distractor. Whereas
independent ratings by SMSs had been stressed by Meredith, it was judged that if consensus was
not reached in the first rating assignment, there was a problem in interpretation of the question
by the SMSs, disagreement as to the perform~ance level of the minimally ar.ceptable person, or
the item needed revising This was discovered in the discussion process necessary in reaching
consensus. The result of this method of obtaining consensuI was that a more accurate score of
the performance level of the minimally acceptable person could be determined. (See Figure 1.)

(I-
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To implement this modification it was necessary to enlarge the role of the facilitator who
in the original procedure participated only in the presentation of the MAPL technique to the
panel and in the discussion following the rating of the distractors of the first six items. With the
modification the panel rated the distractors in groups of 20 items at one time with a 10 minute
time limit. Then each SMS verbally reported the rating he had assigned each distractor as the
facilitator recorded each response. If four of the six SMSs had assigned the same value to a
distractor, consensus was considered to have been obtained. If four had not agreed on the rating
value, discussion was held in order to obtain agreement. Discussion was limited by the
facilitator to two minutes to insure efficiency in reaching consensus and to keep the SMSs on
task. The two minute limit was necessary because of strict time constraints. If consensus wasnot reached within two minutes, a rating was randomly assigned to that distractor by the

facilitator. A random assignment was made based on the assumption that if agreement among
the SMSs could not be reached it may be assumed that assignment of a value must be near
random. This method encouraged consensus since the SMSs preferred to compromise rather than
having a rating value randomly assigned. This procedure was followed until all items of the tests
had been rated.

Obtaining consensus on each distractor of each item led to an adjustment in the
computation of the MAPL score, as shown in Table 4. Since a consensus rating was used, it was
necessary to sum over oniy the consensus SMS rating for each item rather than for all six SMSs
to find the ATP. The ASI was then found by dividing 2 by the ATP. Summing the ASIs gave the
MAPL score. To find the percent score of the minimally acceptable person, the MAPL score was
divided by the total number of questions in the test and multip!.ted by 100.

ITEM
CHOICE SMS ATP ASI

A I
*B (2)
C 0
D IL4 4 2 4 .5

2 A I
B 0

*C (2)
D

3 3 2 3 =.67

3 A 1
B I
C 1

S5 5 2-5=.0

CORRECT CHOICE)

ZASI .5 + .67 + .4 = 1.57 = MAPL Score
1.57 3 .523 X 100 = 52.3% = Percent Score of Minimally Acceptable Person

Table 4. Modified MAPL computation procedure.
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The computation of the MAPL score resulted in a final cut-score of 66% for Form 51 and
73% for Form 52 of the test.

As seen from Table 5, of the 300 distractors for Form 51 of the test, consensus was
reached immediately for 225 distractors, consensus was reached following discussion for 67
distractors, and rating values were randomly assigned to 8 distractors. For Form 52 of the test,
consensus was reached immediately on 232 distractors, consensus was reached following
discussion for 65 distractors, and rating values were randomly assigned to 3 distractors. 01 a
total of 600 distractors consensus was reached immediately on 457 leaving 143 to be discussed
for a final rating value.

CONSENSUS
AFTER RANDOMLY

CONSENSUS DISCUSSION ASSIGNED TOTALS

FORM 51 225 (75%) 67 (22%) 8 (3%) 300 (100%)
FORM 52 232 (77%) 65 (22%) 3 (1%) 300 (100%)
Totals 457 (76%) 132 (22%) 11 (2%) 600 (100%)

Table 5. - Number of Distractors For Which Subject Matter Specialists Reached Rating Consensus,
Consensus Following Discussion, and Number of Distractors having Ratings Randomly Assigned.

Conclusions

The results of the MAPL computation identified 66% on Form 51 and 73% on Form 52 as
the scores representing the minimal acceptable knowledge level of navigaticnal rules of the
road for Coast Guard officers standing duty as underway OOD.

At least three aspects of the modified technique were identified as significant: (1) the
role of the facilitator was expanded from that of the original procedure, (2) consensus versus
independent ratings, and (3) implications for item revision.

The role of the facilitator is an important aspect of the procedure and can, in fact, "make
or break" the process. With a panel of six to eight subject matter specialists, it was easy to
disagree, to get off-task. Often the panel members miscued on insignificant or irrelevant issues
in the discussion process. This seemed to occur more frequently with fatigue. The facilitatorhad to keep the panel members on task and to insure that the process operated correctly. As
viewed in Table 6, it was necessary for the facilitator to intervene at various points throughout
the procedure, and the intervention points were crucial to the procedure.

Table 6. - Facilitator's Role and Intervention Points

Presented Overview of MAPL procedure to SMSs
Initiated rating procedure for a group cf items
fimed rating sessions and called time
Initiated and recorded verbal responses of ratings by SMSs
Determined whether consensus was reached for each distractor

. If consensus was not reached for each distractor, called for discussion
Limited discussion to two minutes
During discussion, led panel in the attempt to reach consensus by informing them of
what ra,.,gs had been given and possible directions to take in reaching consensus
If consensus could not be reached, assigned a randoin rating value (may be done just prior
to computation of MAPL score)

. Continued procedure until all items were rated
Computed MAPL score

D1:L-6
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The issue of consensus is an important one. The purpose of the procedure is to determine a
minimally acceptable performance level for a particular type of activity. When four of six SMSS
agree on the assignment of a value to a distractor, this is assumed to be "prima facie" evidence
for general agreement. If at least four do not agree, and particularly if there is a wide
dispersion of values, this is an indication of a problem. It may be a disagreement as to whether
the minimally acceptable person should or should not know the answer. However, other issues
may be involved such as, "Is the question unclear, or is the question relevant". The process of
attempting consensus can have one of three outcomes:

(1) Consensus is reached.

(2) The rating of the distractor is randomly assigned.

(3) The item or distractor is revised.

An unexpected dividend in using this modification of the MAPL technique was a system of
item review. The items in the test had previously been submitted for review. However, during
the MIAPL procedu.cc items were identified that had passed review but were questionable on a
point previously overiooked. Therefore, it appears that this modification offers an improved
test development procedure in the item revision step.

Since the purpose of the MAPL technique is to identify the cut-score on a test for the
minimally acceptable person, or the minimally acceptable performance, this modified MAPL
technique could be applied to any criterion-referenced testing situation. This would include
lesson quizzes, end of course tests, promotion-selection tests, achievement tests, or any type ofi competency based test.

The MAPL procedure is also a policy-capturing procedure. The panel members represent
the Coast Guard's policy for determining knowledge that the minimaliy performing person must
have.

The Institute's experience with the MAPL technique has been a positive one. It has
provided an objective and systematic process for determining a pass/fail cut-score with the
added sidelight that the application of the MAPL technique served as a systematic approach to
item review. It was objective in the sense that a criterion was set, which was the minimally
acceptable person, and was used in assessing each distractor. This standard criterion was
strictly adhered to across each itzrn during the entire process. Using the same criterion
systematically throughout the asse.srnent procedure identified items that needed revision when
the distractors were inappropriate ior the criteria.
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Air Force Human Resouwces 7,%boratory, Brooks APB, Texas.

DEVELOPMENT OF ENLISTMENT STANDARDS - AN APPLICATION OF THE LIFE

MODEL (Tue A.M.)

The likelihood Function Estimation (LIFE) Model was developed by
the Air Force to better model a dichotomous (binary) dependent
variable. Under contract the prototype model was enhanced to improve
its data handling procedures and the maximization algorithm. The LIFE
model prototype had been used to develop an alternative Air Force
enlistment standard designed to increase the number of qualified
accessions with no increase in first term attrition. This enlistment
standard was implemented in a test in October 1978 by the Air Force
Recruiting Service and was called Project Image. The initial results
from Project Image are discussed and a comparision with the same
equation developed by the improved model is also presented. The two
equations were then applied to a 1975 sample for cross validation
purposes.
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DEVELOPMENT OF ENLISTMENT STANDARDS: APPLICATION OF THE
LIKELIHOOD FUNCTION ESTIMATION (LIFE) MODEL A

J. R. Dempsey, Kentron, Inc. and J. C. Fast, AFHRL

I. INTRODUCTION

Enlistment standards are the mechanism through which the Air Force
personnel planners control the quantity and quality of recruits. These mental
and physical standards are designed to (1) qualify adequate numbers of
applicants to meet Air Force manning requirements, and (2) maximize the
aggregate quality of the first term airman force in terms of mental and
physical attribaides. Unfortunately long-range prediction of human behavior is
difficult; consequently, enlistment standards generate two types of errors.
First, they allow enlistment to some applicants who will be unsuccessful in
the Air Force. Second, they deny enlistment to some who would have otherwise
succeeded.

Because the recruiting environment became increasingly adverse with the

adoption of the All Volunteer Force concept, the Air Force started a research
effort to improve the methodologies by which post-enlistment behavior was
predicted. The development of the Likelihood Function Estimation (LIFE)
Model, designed to meet this need, was detailed in a previous technical report
(Dempsey, Sellman, & Fast, 1979). This LIFE model was a prototype version
intended to show feasibility. This feasibility is currently being tested in
an official Air Force test, known as Project IMAGE. Concurrently, a
development effort was undertaken at the Air Force Human Resources Laboratory
(AFHRL) to enhance the prototype version, to eliminate some of the problems
noted by Albert (1980). Section II describes the enhancement of the LIFE
prototype. In Section III, Air Force's Project IMAGE is discussed and some
preliminary analyses of the results are presented. Section IV describes the
follow-on work done in enhancing the computer model and in developing a new
enlistment equation using a 1975 data base.

II. PROJECT IMAGE TEST

With the advent of the All Volunteer Force, the Air Force experienced
good recruiting years. This good market caused Air Force managers to raise
enlistment standards, so that only the most qualified would be allowed to
enlist. The enlistment standard used the four composites from the Armed
Services Vocational Aptitude Battery (ASVAB), combined with the educational
level of the applicant. As a minimum, the applicant must have achieved a 45
on the General aptitude composite and a total of 170 or, all four composites.
In addition, the Air Force attempted to limit the number of non-high school
graduates by applying more stringent mental standards (as measured by the Air
Force Qualification Test [AFQT] composite of the ASVAB). This resulted in a
higher percentage of high school graduates among the recruit population. This
combination of enlistment standards in general raised the quality of Air Force
recruits, but at the expense of turning away many otherwise qualified
applicants. When the more austere recruiting years arrived in the late
seventies, the Air Force was faced with not being able to maintain the desired
force level and their high enlistment standards. t

The application of the prototype LIFE model to predicting attrition was
brought to the attention of Air Force managers, and a plan to test it as an
alternate enlistment standard was developed. The test was named Project IMAGE
and, under the plan, the equation developed for the demonstration was to be
used to waiver individuals into the Air Force. if an individual passed all
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the enlistment standards, except the ASVAB General 45, composite 170 standard, K
he/she would be further processed through the IMAGE equation. If this
equation predicted the individual would be successful in the first term,
he/she would be allowed to enlist and would be assigned individually to a
particular Air Force Specialty Code (AFSC). Each rec ,rd of an individual who
was allowed to enlist with an IMAGE waiver was flagged so that the IMAGE
enlistees could be followed through training and into the Air Force. The Air
Force Manpower and Personnel Center (AFMPC) required quarterly updates on the
attrition rates of the IMAGE enlistees and comparisons with the other
categories of recruits.

Test Results

The IMAGE test was started 1 October 1978 and was completed on
31 May 1979. During this period 3,911 people were waived into the Air Force
under Project IMAGE. By comparison 62,704 were allowed to enlist in the Air
Force during this same time period who passed the General 45, composite 170
standard, and educational qualification. These two groups will be tracked for
4 years (through the first term) and results reported at that time; however,
it is worthwhile to discuss the preliminary results of the test through
30 September 1979. The analysis looked at the attrition experience of the two
groups of recruits (pass G45, C170, and fail G45, C170) even though some of
this group had just completed basic training and others had been in the field
for 6 months or more. The analysis as a result shows only general trends and
should riot be interpreted as a comprehensive evaluation of the IMAGE equation
as an enlistment standard. In addition, since IMAGE people were allowed to
enter only selected, hard-to-fill AFSCs (with high attrition), the follow-on
analysis will compare IMAGE vs. non-IMAGE people, after adjusting for the
differences in AFSC attrition rates. The current analysis, however, was not
broken out by AFSC, which may not reflect the actual utility of the IMAGE
equation. I

Table 1 shows general characteristics of the IMAGE enlistees. The
important features are that only two vwere non-high school graduates and the
vast majority were measured as mental category III-B by the AFQT composite.
Table 2 shows the same characteristics for the other group of recriits who
passed the G45, C170 standard. In this group, 18.1% failed to graduate from
high school and they were fairly evenly divided between mental categories II,
III-A and III-B. Table 3 contains the FY79 attrition analysis for the two
groups of recruits. Overall, the IMAGE attrition rate of 8.9% is not
significantly different from the current standard group rate of 8.8%. The
male IMAGE group has attritted at a slightly higher rate through BMT and tech
training. The female attrition rate for the IMAGE group for both BMT and TT
was much higher than femele current standard accessions; however, due to the
small number of women, valid comparisons are difficult to make. The effect of
these differences are absent in the total sampie because the IMAGE group is
predominantly male (97%), and females overall attrit at a higher rate. The
limit on the number of females in the IMAGE sample was a result of allowing
only IMAGE females to enlist in hard-to-fill, (non-traditional) female jobs.
Not many IMAGE females who would have otherwise been qualified could qualif'
on the mechanical and electrical composites of ASVAB for these non-traditionai
jobs.

The IMAGE equation did fulfill its promise of increasing Air Force
accessions by 6% without increasing attrition. Based on the promising results
obtained through September 1979, the Air Force Deputy Chief of Staff for
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Manpower and Personnel (AF/MP) declared the IMAGE test successful and ordered
the IMAGE waiver installed permanently as part of the enlistment process. For
operational use, IMAGE qualified per3onnel will be allowed to enlist in any
Air Force job for which they qualify, and it will be done in the PROMIS
system, rather than individually.

IV. LIFE MODEL APPLICATION

Model Enhancement

After enhancement to the LIFE model, the model was still able to handle
only 3,000 observations and 12 independent variables. To solve this problem,
AFHRL/MOMD computer personnel converted the model to reading the data into
mass storage instead of into a matrix. This increased data holding capability
to up to 10,000 observations with 20 independent variables, and this will
allow task scientists to handle almost any binary prediction problem that will
be likely to arise. This modification is not necessary for the research
scientist who has access to a virtual memory machine. On this type of
computer, the matrix can be expanded greatly to meet data requirements without
exceeding core limits. The only limit becomes central processor time
available, and the enhanced version of LIFE should make longer problems
practical even on a busy machine.

Prediction Equation Development

The prediction equation used in Project IMAGE was developed 3 years ago
from a 1972 data base. Although it has been successful, this equation needed
to be updated by replacing it with an equation developed using the LIFE model
on a more recent data base. As a result, work was initiated to develop two
data base samples, taken from the population of 1975 Non-Prior Service (NPS)
recruits into the Air Force. Two samples of 3,000 observations each were
developed from this population, one for prediction equation development and
one for cross-validation. After removing records with out-of-range ASVAB
scores, the prediction development sample contained 2,541 valid cases and the
cross-validation sample contained 2,526 cases. In the prediction sample, 744 1
were discharged from the Air Force within 36 months after enlisting and 839
were discharged within 42 months after enlisting. An attempt was made to
develop a prediction equation for both criteria to determine the difference in
predictive accuracy. These two equations developed using the LIFE model are
shown in Table 4. The equations are very similar with only slight variations
in the significant variables. The prediction accuracy of the two equations is
compared in Tables 5 ano 6. These hit tables show how well the two equations
were able to identify actual successes and failures correctly. The equation
developed was more accurate in predicting attritions for the 42-month
criterion than the 36-month criterion '(55.4% versus 52.0%). However, the
equation was more accurate for predicting successes on the 36-month criterion
than on the 42-month criterion. Because the specific purpose of IMAGE would
be to waiver a predicted success into the Air Force and because the 36-month
criterion is also the one used by the Office of the Secretary of Defense as
the proper measure of attrition, 36 months attrition was used as the criterion
of interest in the rest of this study.

Using the 35-month criterien, the next part of the study was to compare
the ability of the original IMAGE equation for predicting success to the
ability of a new equation using the LIFE model. In order to make this com-
parison, cases with incorrect AFQT scores were eliminated. This reduced the
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prediction sample to 2,522 cases, and the cross-validation sample to 2,508
cases. It was conjectured that the current IMAGE equation would not predict
success well on a new sample for several reasons. First, the IMAGE equation
was developed on an all male sample of 1972 recruits, and the new sample
included females in it. Second, the IMAGE equation predicted success using
data from the 1972 sample (means and standard deviations) and these were very
different from the data in 1975. In 1972, 86% of the sample were 18- to
26-years-old; in 1975, 98% of the sample were in this age group. In order to
find a significant change in attrition behavior, this age bracket had to be
closed to 18 to 23, which still included 92% of the sample. The English
indicator changed in a similar fashion. In 1972, 6% of the sample had failed
to complete a high school English course; in 1975, only 2% had failed to
complete English.

Table 7 allows an inspection of the LIFE equation and the IMAGE
equation. The AFQT score and the Trigonometry score were not significantly
weighted in the LIFE equation and were left out since only 10 variables could
be included in the original LIFE Model. The Physics variable did appear in
the LIFE equation but not in the IMAGE equation. In addition, magnitudes and
signs of the coefficients differed significantly between the two equations.
These differences appear to be primarily due to the changes in samples from
1972 to 1975.

A third equation was developed using the expanded data handling version
of the LIFE model. This equation included the AFQT variable and the
Trigonometry variable, as well as the other 10 variables included in the LIFE
prediction equation. This equation is also shown in Table '. A total of four
different prediction systems were generated for predictive ability
comparisons. These were as fellows: LIFE model with 10 variables (LIFE
equation); LIFE model with 12 variables (LIFE equation with AFQT); IMAGE
equation with 1972 means and standard deviations (old equation, old data); and
IMAGE equation with 1975 means and standard deviations (old equation, new
data). These four predictive systems were compared in' two different
ways--classification accuracy in a two-by-two contingency table and goodness
of fit with a sum of squares statistic. Table 8 shows the contingency table
accuracies for the prediction sample and Table 9 shows the contingency table
accuracies for the cross-validation sample. The four prediction systems were
very similar on the prediction sample, with success prediction accuracy
ranging from 73.2% to 73.6% and failure prediction accuracy ranging from 49%
to 51%. On the cross-validation sample (using the means and standard
deviations from the prediction sample for a realistic application) the LIFE
equation using AFQT performed better than the other three, but not by a large
margin.

For the goodness-of-fit test, the actual occurrence (tailure or success)
was compared to the predictive probability of success, and the squared error
was summed overall cases. Table 10 shows the comparison for the four systems
and the two samples. There was no significant difference between the four
systems on the prediction sample, but on the cross-validation sample there
were significant differences. The old equation using the new data was
significantly better at predicting the probability of success than the other
three. This leads to the observation that the LIFE equation using AFQT will
be best sjited to the problem of predicting the occur !nce of success among
airmen, but will not be better than the current IMAGE equation for predicting
the probability of this occurrence, ,ising updated means and standard
deviations.
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IV. CONCLUSION

The LIFE model has been successfully transformed from a prototype to a
useful anaiytical tool. The computer, run time has been drastically reduced
and the data handling capability enhanced.

The enlistment standard developed using LIFE has demonstrated the ability
to increase the number of Air Force accessions without increasing first term
attrition. In time of budgetary stringency, in which service attrition has. an
adverse impact on DOD manpower, resources and mission capability, enlistmeht
standards must operate to allow enlistment to those applicants most likely to
succeed. At the same time, enlistment standards should operate such that they
do not turn away large numbers of potentially successful applicants. Project
IMAGE has been successful in simultaneously demonstrating that these goals are
achievable.
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Table 1. Characteristics of IMAGE Enlistments
(Pass IMAGE -Fail Current Standard)

Male Fema.le Total
Number % Number Nu~mber !K

TOTAL 3,780 131 3,911

Ed Level
TISThTia 379 10130 99.9 3,909 99.9

Other1 .. 1.12 1

Mental Cat

II1-A 285 7.5 8 5.9 293 7.5
Ill-B 3419 90.5 121 92.4 3540 90.5
IV 72 1.9 2 1.7 74 1.9

Mean ASVAB

Mech 47.5 45.4 47.5
Admin 46.6 53.8 46.9
Gen 41.8 40.3 41.8
Elect 50.7 46.1 50.6
Comp 186.6 185.6 186.6

Table 2. Characteristics of Current Standard Accessions

Hale Femal-e TTh at

Number % Number %Number %

Total 49,392 13,312 62,704I

Ed Level
HS Diploma 40,548 82.1 0,784 81.0 51,332 81.9
GED 6,049 12.2 2,035 15.3 8,084 12.9
Other 2,795 5.7 493 3.7 3,288 5.2

Meta 3,171 6.4 625 4.7 3.796 6.1

II18,552 37.6 4,434 33.3 22,986 36.7 1i
Ill-A 18,437 37.3 5,835 43.9 19,092 30.4
ITI-B 9,219 18.7 2,415 18.1 16,814 26.8
IV 13 .... 3 .... 15 ~o

Mech 66.6 36.6 60.7
Admin 64.9 74.3 66.7
Gen 72.8 72.8 72.8
Elect 72.6 60.4 70.2
Comp 277.0 244.1 270.5
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Table 3. FY79 Attrition Analysis IMAGE Only
(Pass IMAGE - Fail Current Standard)

Male Female Total
Number of %'of Number of % of Number of % of

Separations Enlistments Separations Enlistments Separations Enlistments

BMT 214 5.7 19 14.5 233 5.9
Tech Trng 60 1.6 7 5.3 67 1.7
Post Trng 47 1.2 1 .8 48 1.2
Total 2. 6 "X "' T

Current Standard Accessions (Pass Current Standard - Pass & Fail IMAGE)

Male Female Total
Number of % of Number of % of Number of % of

Separations Enlistments Separations Enlistments Separations Enlistments

BMT 2,585 5.2 1,329 10.0 3,914 6.2
Tech Trng 733 1.5 193 1.4 926 1.5
Post Trng 516 1.0 148 1.1 664 1.1

Total & T V r "

NOTE: Percentages may nut add to 100% due to rounding error.

kF
Table 4. Comparison of Coefficients of Prediction Equations

Coefficient For Coefficent For
Means 36 Months 42 Months

Intercept -.56 -.44
General 68.7 .004* .005*
Composite 250.6 -.002* -.001*
1Ed. Level .11 .599* .624*
2Algebra .77 -.102 -.103
2Biology .79 -.015 -.0112Chemistry .30 -.122* -.083

.English .98 -.107 -.0642Geometr, .51 -.142* -.146*
2Physic, .16 .088 -.053
3AGE .92 .068 .110

3 - 1 if less than 18 or greater than 23, 0 otherwise
2 - 1 if taken in high school, 0 otherwise
1 - 0 if high school graduate or greater, 1 otherwise
*Asymptotic t value significant at .05 level
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Table 5. Prediction Accuracy of Equations
42-Month Criterion

Predicted Predicted PercentF
Category Attritions Successes Total Correct

Actual Attritions 153 686 839 18.2 4

Actual Successes 123 1 579 1 702 9.

Percent Cc.rrect 55.4 ,69.7 67.0

Table 6. Prediction Accuracy of Equations436-Month Criterion
Predicted Predicted Percent-

Category Attritions Successes Total Correct-

Actual Attritions 138 606 744 18.5
Actual Successes 127 1 670 1 797 92II. 9
TotaltLI

Percent Correct 52.0 73.4

Table 7. Comparison of Equations

LIFE LFE
IMAGE Prediction Equation Prediction Equations

Coefficient 36-Month Criterion Using AFQT

(10 Variables)

General -.000006 .004 .005
Composite -.001 -.002 .001
AFQT -.0009 .... 001
Ed Level .696 .59.586
Algebra -.120 -.102 1113
Biology -.036 -.015 .008
Chemistry -.027 .12.131
English -.665 -.107 .131
Geometry -.101 -.142 .147
Trigonometry -.074 :. 017
Physics .... 038 .030
Age -98.068 .092
Variance 1.065 1.012 1.0
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Table 8. Contingency Table Accuracy for Prediction Sample (1975)

Prediction Accuj
Successes* Fail ures**

Old equation, old data 73.3 50.8
Old equation, new data 73.6 49.0
Life equation 73.4 49.3
Life equation, with AFQT 73.2 51.0

*i.e., percent of predicted successes were actually successes.
;*i.e., percent of predicted failures were actually failures.

Table 9. Contingency Table Accuracy for Cross-,validation Samp!

Prediction Accuracy
Successes Failures

Old equation, old data 73.5 48.1
Old equation, new data 73.7 47.2
LIFE equation 73.6 47.4
LIFE equation, using AFQT 74.9 49.6

Table 10. Comparison of Goodness of Fit

Prediction Sample Cross-validation Sampe
SQ MSQ SSQ MSQ

Old equation, old data 253.50 .10 500.11 .20
Old equation, new data 299.50 .23 373.04 .15
LIFE equation 315.53 .13 514.41 .21
LIFE equation with AFQT 314.65 .12 510.54 .20
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DICKINSON, Richard W., Occupational Research Division, Industrial
Enginering Department, Texas, A&M University, College Station, Texas.

THE NEW CODAP SYSTEMS ENHANCED HIERARCHICAL CLUSTERING CAPABILITY
(Wed A.M.)

In the task analysis arena, computer software to perform
hierarchical clustering is generally restricted to a specific type
of information (e.g., time spent on task indicies), allows few
measures of similarity to be calculated and places constraining
limitations on the type and number of objects that may be clustered.
Such is not the case with the new CODAP systems enhanced
heirarchical clustering capability. These enhanced capabilities are
discussed with emphasis on ease of procedure use, lack of
debilitating restrictions and simplicity of software modifications.
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THE NEW CODAP SYSTEM'S ENHANCED HIERARCHICAL

CLUSTERING CAPABILITY

RicharJ W. Dickinson

Occupational Research Division
Industrial Engineering Department

Texas A&M University
College Station, Texas 77843

INTRODUCTION

A new version of the job analysis computer software system, the
Comprehensive Occupational Data Analysis Programs (CODAP), is being
developed by the Occupational Research Division, Industrial Engineering
Department, Texas A&M University. This paper discusses the incorporation
of an enhanced hierarchical clustering procedure as part of the new
CODAP system.

The hierarchical clustering procedure presently available to the
majority of CODAP users restricts processing to tasks measured on
time spent and all is only two measures of sinilarity to be calculated.
Progress in the analysis of occupational information has mandated the
development of procedures allowing greater flexibility in the selection
of job analytic data for processing and in the type of processing such
data is subject to. The new CODAP system is being developed to satisfy
this need, with the enhanced hierarchical clustering procedure making
use of such flexibility to enable the job analyst to apply clustering
technology to a variety of occupational information.

The New CODAP System

At present, a new version of the job analytic software system
(CODAP) is being developed that 0ill greatly increase the job analysts'
ability to answer questions of occupational iniormation. In this new
system, users access the occupational database through the use of an
easy to learn, English-like language. There are no restrictions on dsta
access and retrieval, allowing any piece of information residing or, the
database to be processed. The basic diesign philosophy ' f,the new system
is to conceptualize job analytic database information as a two-dimensional
matrix in which incumbents represent the columns of the database, and
the variables the incumbents are measured on represehtlng tK!? rows of
the database (see Table I).

Using the new CODAP system, job analysts will have the ability to
perform calculations on any variables (rows) in the database across any
subset of incumbents (columns). The resultant calculations may then be
added to the database for further processing. The flexibility of the
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new system allows the added convenience of "symmetry," in which any
calculations performed across database columns may also be performed
across database rows. For a more in-depth discussion of the new
system's operational capabilities and characteristics, the reader is
referred to Dickinson (1979).

The Enhanced Clustering Procedure 
N

The purpose of the enhanced clustering procedure is to perform
a hierarchical clustering (Ward, 1963) on any set of columns of the
database measured on any set of rows. Conversely, clusterin(, may also
be performed on any set of rows measured across any set of cclumns. In
addition, the user will have the option of requesting any one of four
techniques for calculating measures of similarity between columns or
rows (see Appendix I for similarity formulae). Such flexibility will
allow job analysts to perfrom such database operations as clustering
incumbents on equipment usage or background characteristics. Further,
the job analyst may not desire to cluster all incumbents, but a given
subset of incumbents. Adhering to the concept of symmetry, the pro-
cedure will not be restricted to clustering just incumbents (columns),
but will allow the clustering of tasks or any other set of rows in the
database.

Output from the procedure will consist of a group membership report
detailing the cluster breakdown, along with various vectors of infor-
mation that will be stored on the database for future reference (these
vectors will consist of hierarchical sequencing information that will
be used by the enhanced DIAGRAM procedure. The enhanced DIAGRAM pro-
cedure produces a pictoral dendogram of the clustering operation, the
discussion of which is beyond the scope of this paper).

The following system language source code will illustrate the use
of the new procedure:

1) BEGIN STUDYID EXECUTE. I
2) SELECT ROWS HISTINFO (Hl-H2) 'HISTORY INFORMATION'.

3) OVLGRP COLUMNS (INCUMBENTS) ON ROWS (HISTINFO) DSQUARE MAXIMIZE
HSNID = HSN 'HIERARCHICAL SEQUENCE NUMBERS FOR COLUMNS'

LOHSNID = LOHSN 'LOW HSN VALUES FROM CLUSTERING OPERATION'
HIHSNID = HIHSH 'HIGH HSN VALUES FROM CLUSTERING OPERATION'
SIMCOFID = SIMCOF 'SIMILARITY COEFICIENTS'
WITHINID = WITHIN 'WITHIN COEFICIENTS'

4 EDHEADING = 'EXAMPLE OF ENHANCED OVLGRP'.- 4) END.

The above example consists of a complete run sequence in the new
system's language. Statement I is the first executable line in the new
language. It alerts the system that a job is to be run, what study ID
resides on the database of interest and that the following statements are
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to be executed. Statement 2 is forming an aggregate of rows (a module),
in this case HI and H2, and assigning the name 'HISTINFO' to the module.
Statement 2 is an example of the 'SELECt' procedure that is part of the new
software system. This procedure's function is to identify aggregates of
database rows or columns (based on user supplied instructions), attach
user supplied names to them and them-store them on the database for later
reference. Any future occurance of the aggregate name will identify the
associated rows or columns to the system for processing. Statement 3 is
syntax for the enhanced OVLGRP procedure. The user is requesting that all
incumbents in the study ('INCUMBENTS' is a system reserve keyword) be
clustered based on their responses to the rows identified by the module
name 'HISTINFO.' Distance squared (DSQUARE) is to be used to calculate
overlap and 'MAXIMIZE' indicates that most similar columns are to be
clustered first. The user supplied ID's HSNID, LOHSNID, HIHSNID, SIMCOFID
and WITHINID are assigned to their respective vectors, stored on the data-
base, and are later referenced by the enhanced DIAGRAM procedure. Any
heading information will be printed at the top of the group membership
output. Statement 4 ends the source language program.

CONCLUSION

The new job analysis computer software system being developed at
Texas A&M University should open up new horizons in the field of
occupational research. The incorporation of the enhanced hierarchical
clustering procedure in the new system will allow the job analyst toapply clustering technology to a host of questions and, it is hoped, make

the answers to tkese questions easier to come by.
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TABLE I

CONCEPTUAL REPRESENTATION OF JOB ANALYTIC DATABASE

Ii 12 13 14 15 16 7 18 19

H2

T l
6--

T2

T3

T4

El

E2

FE3 

E4

H - History or Background Information
T - Task Information
E - Equipment Usage
I - Incumbent
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APPENDIX I

SIMILARITY MEASURE FORMULAE
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SIMILARITY MEASURE FORMULA

EUCLIDEAN DISTANCE D[ - Y /2

21

i-n
SQUARED EUCLIDEAN DLSTANCE DSQUARE - (XI - yi)

i-n
ABSOLUTE OVERLAP OVL = minimum (X, Yi

I Tasks in Common
BINARY Between X and Y

BINARY=

# Tasks Performed # Tasks Performed
By X + I

@ Tasks in Common
Between X and Y

NOTE: The symbols in the above formulas are defined as follows:

Xi and Yi represent the ith elements ,in the-data vectors of jobs X and Y,

odrespectively.

X and Y represent the data vectors of jobs X and Y, respectively.

n the number of elements in the data vectors of Job X or Job Y.
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OVERVIEWd

1. UK recruiters for the Royal Navy and Poyal Marines are responsible for
local schools liaison, manning the recruiting office, test administration,
interviewing and allocation to a specific trade. Their accept/reject decisions
are seldom reversed. With small entries they are face' with the choice of
accepting an applicant or waiting in the hope that a bL,.ter one will appear later
or at another office. The penalties for errors are unfilled placed or entrants
of lower quality than necessary. The Seaior Psychologist (Navy) advises on
6clectioa procedures and attempts to set standards that optimise entry quality
whilst minimising unfilled places. Hia division has developed a Computer
Assisted Personnel Selection system (CAPS) which advises the recruiter on the
eagerness of the Service to recruit the applicant whose personal characteristics
and teat scores he has just reported. Thia eagerness is expressed as a value
attached to -ach entry date for each trade or branch for -Which the applicant is
eligible. If tecruiting in going well tbis value will be low. The recruiter

is invited to accept his applicant if a high-valued opening can be found which
satisfies the preferences of ths applicant for type of work and joining date.

2 . Numerical simulations are being used to prove the controlling programme and
routines of the "electronic office" type are being developed to relieve the
recruiter of his current heavy clerical load. Equipment procurement is in progress.
What remains to be discovered is the extent to which the recruiter will take
notice of the advice offered by the data link concerning the value of a particular
applicant. Rigid adherence to the advice will tend to perpetrate the current
system where places are filled largely on a first-come, first-served basis without
reference to the need for even flows of talent throughout the year and a proper
6haring out between trade groups.

The Basic Concept

3. The CAPS system in its present form appears to the Careers Adviser (CA)
as two distinct sub-sustems; one tells him the state of recruiting, the other
is an electronic booking clerk. The purpose of the first is to help him decide
whether to accept the man before him or wait for a better: the second is to enable
him to book his man and quickly get through the paper-work and statistical returns
so that he can spend as much time as possible at his primary task of engaging
the interest of potential recruit3.

The booking function will require further programme development if the computer is
going to write all the letters and compile all the statistical returns with the
nm nimum of effort from the CA. To date, this project has done no more than
illustrate the possibilities in this direction. What is not quite so straight-
forward us the design of the communication link from Director of Naval Recruiting
(DNR) to the CA to advise him whether to offer a place to a specific enquirer.
It is to this problem that the main effopt of the CAPA R&D has bedn directed.

The simplest report on the state of recruiting is possibly the number of applicants
forwarded for the current recruiting period and the number of places yet unfilled.
Those numbers are available to DNF and could be reported by telephone to the
Careers Information Offices (CIOs). The figures will be slightly out of date due

to various delays and the need to gather nation-wide bookings before an accurate

picture can be developed. Under stable recruiting conditions, especially with
large intakes, more timely feedback would not improve recruiting and the present
regional quota system might well be satisfactory. However, if there are wide
differences in applicatons between regions or at diftererent times of the year,
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it is possible for standards at one time and place to be less than optimum when
the long term national result is considered. For example, a transient surf eit
of high quality applicants for a particular branch ought to be accepted regardless
of local quotas, even if extra recruiters X-ave to be drafted in to process them.
Similarlyi a very small lowering of standardA at all offices for a short time
might make good a transient shortfall a~d avoid an irrevocable waste of new
entry training places whereas a large long-term drop in standards tends to dilute
branch quality levels and start a chain-reaction which may take many years to
rectify.

Manipulation of entry standards should be purposeful and decisive, lasting only
as long as is necessary to put the situation to rights.

4. Many SP(N) studiec have shown the value of the Recruit Test (RT) score an
the prime index of manpower quality. Higher scorers tend to stay and do well.
Recruiting also takes into account other factors which are not deducible from test
scores. These factors have been grouped into what are referred to as Personal
Qualities and a summary of the CA's assessments of them is recorded as a
Personal Qualities Assesement score. Research is still going on to refine the
PN assessment process and determine the value of PN scores in predicting progress
in the Service.

At the present state of research it seems reasonable to use the PN total as an
index of manpower quality in conjuction with the RT score although there are
insufficient grounds for publishing minimum PN scores. It has not been shown
that low PQ scorers have a low probability of success.

5. Central to the argmen. for running CAPS on a computer with terminals at
the recruiting sites is the possibility of advising the CA of the very latest
recruiting achievement figures. A national data network could provide all users with
the number of applicants ir the pipeline for each branch for each entry into the
foreseeable future. Frow this information the CA could work out that, say, an
E1 entry class 10 weeks aeay was fully booked and thereafter bookings tailed away
to zero by week 20. Comparison with other branches would indicate whe;her this
situation was a matter of general recruiting clima o nr something confined to that
branch. If data were to hand, comparisons could b . bade with previous years, and
so on.

The outcome of Uhe assessment of the state of recruiting would be an impression
of whether the number of persona booked for entry on a certain day to a certain
branch was greater of less than should have been booked at that time. More
people should have bee booked for near entries than for distant: more for large
intakes than for small.

Each CA would have his own ideas about how many should have been booked by a
certain date and he would assess in his own way the urgency of particular
shortfalls. But the comparison of how many had been booked with how many should
have been booked is just the kind of thing a computer could eo, provided it had
a way of calculating how many should have been booked and an up-to-date picture
of the real state of bookingo. Its conclusions could be summarised as a number
expressing the value of one more booking in a particular branch for a particular
entry date. High values would indicate to the CA that he should relax his
selection standards because, time is getting short and there is a high probability
that new entry training places will be wasted.

The value of an openirg is correlated with the probability of wasting a branch
opening. Its computation iL CAPS is discusse.d after its practical application
in personal selection.
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I6t should be noted in passing that ti.e value attached to a branch vacancy for
a particular entry date is used by CAPS to advise the recruiter on the wisdom
of relaxing or tightening his selection criteria for a particular opening,,.
subject to minimum standards, but always with the aim of filling every vacancy.
This is a significant change in selection policy.

The value of Booking at the Right time

6. The CAPS system is trying to put the best people into the new entry training
openings but not at the expense of wasting any of the places. Regional monthly
quotas run this risk as do unrealistically high recruiting standards. Low
standards allow branch entries to be of diluted quality sometimes t4 the exclusion
of goud applicants. One simple adjustment is to publish the value of an entrant
for each branch for each entry week computed by comparing the number who should
have been booked by that time with the number actually in the pipeline.

Such a system would indicate the degree of shortage and the urgency of doing something
about it. The CA could then choose an entry date which was convenient for the
applicant and which had a high value. Once a booking had been made, the value for

the same opening would decrease, to zero if all places had been booked.

Of course it might not be possible for the applicant to enter on the date
3uggested by the very highest value, but irsofar as the CA's tended to book high
valued dates, so the probabilities of wasting new entry places would be lcwered.
Early overbooking could be controlled oy temporarily closing branch entries that
had attracted more bookings than targetted that far in advance. As time passed
the urgency to complete the class list would increase and the particular openinv,
would allow an overbooking margin based on the numbers likely to fail to join
after final approval.

The Value of Booking the Right Person

7. The applination of the value of an opening to the counselling of an applicant,
as thus far described, takes no account of the requirement, not only to fill
places, but tc fill them with the best people available. And, furthermore, as the
discussion of branch recruiting policies emphsises, it is nc't in the interests of
the Service to fill one branch with talented applicants regardless of the require-

ments of the other brasiches.

It is here that the talent matrix (figure 1) which is used in declaring branch

recruiting policies finds its key application. Each enquirer who has taken the
Recruit Test and been interviewed can be placed in 4 x 5 matrix according to his
or her RT and PQ scores. Multiplying the percentages of the branch policy by class

size shows the number of persons in each RT and PQ position that ought to be
ricruited to ensure that each entry class is of comparable RT and Q make-up and

S that each branch gets its fair and agreed share of the talent expected to join

,n the year ahead. Figure 1 illustrates this computation for one seaman entryclass of 26 men.

Figure 1 Make-up of a Seaman class (26 men)

MATRIX A (%) MATRIX B (men)

0.2 O.', 0.8 0.14 0.2 0.5 0.10 0.20 0.10 0.05
3.0 5-9 '.8 5.9 3.0 0.78 1.53 3.07 1.53 0.78
6.3 12.6 . 12.6 6.3 1.64 3.28 6.55 3.28 1.64
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Matrix B of Figure 8 shows the ideal make-up for the Seaman Entry for a perti.ulaA
date. It is a target only and hence the decimal fractional mnzn can be tolerated.
The Jan 80 version of CAPS %:eeps the branch recruiting policies constant which
assues that the distributiot. of RT and PQ scores in the entry population is going
to remain stable throughout the year. This is not likely to be valid but there
is no obviously better assumption! to make until the CAPS eyatm has been running
long enough to gather its own performance data. Its objective is to extract the
best talent from the applicant population. If it is more su-2cesasful than the
preaent procedures the branch recruiting policies will be able to call for higher
proportions of better qttality entrants.

The Value of Booking th- Right Person at the Right Time

8. Previous sections discussed attributing a value to an opening which depended
on the probability of wating a new entry training place for that branch on that
date. Distant entries attracted lower values because there was more time left
to recruit. Large entry numbers pushed up the probability of unfilled places.
Bookings descremented the value of an opening until it reached zero when the
number of recruits who had been booked by that time equalled the number who should
have been.

Manpower quality considerations are brought in by computing the number who should
have been 4ooked, not simply in terms of places, but as places ideally intended for
entrants of a particular position on the RT-PQ matrix. This would then be in
accord with the agreed set of branch recruiting policies. Thus it could happen, for
exeple, that a branch was well booked for middle quality entrants but low on
Row R1 of the matrix. Any RI applicant prepared to join on the date in question
would then be seen as more highly valued than other aprlicants for this branch.

In summary, the value of an opening depenas on the RT-; position of the enquirer,
on the needs of a branch for persons of that quality, and on the time left in
which to fill such places as are still vacant.
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DRISKILL, Dr. Walter E., and MITCHELL, Lt. Col. J.L., USAF Occupational

Analysis Program USAFOMC Randolph, AFB Texas.

THE USAF OCCUPATIONAL ANALYSI3 PROGRAM: AN EVOLVING TECHNOLOGY
(Thu P.M.)

The recent history of the USAF Occupational Analysip Program
has been one of steady progress. We have been learning from

management inspections that our continuing analysis of enlistment
specialties can be improved by tailoring occupational data products
to the users needs. The development of UtilizAtion and Training
Workshops for each specialty where major command, Air Force Manpower
and Personnel Center, air staff functional managers, training staff,
training development representatives, and occupational analysts meet
to discuss the Air Force use of personnel and negotiate training
requirements is a major innovation ir. the use of occupational data
and in the Instructional Systems Development (ISD) model. The Air
Force specialty training standard has taken on new meaning as a
"contract" between Air Force users and the training community. Such
workshops evolved out of the Hasty Grad program initiated by the ATC
Commander. The result has been an improved training decisions
system, and research Ls now underway to further develop the system.
In certain areas, particularly where contingency operations are
involved, our standard occupational survey technology does not let
us directly assess the training needs; in the security police area,
it was necessary to develop a scenario approach using an inventory
of tactics k, wledgen, and equipment to determine what should be
included in a new Air Base Ground Defense course. Over 900 security
police officers and senior NCOs rated the items in the inventory and
correlational analysis revealed very high agreement between groups
on what should be trained. Thus, scenario-based analysis is a new
technique which can help us deal with future contingency
operations. We are currently also adapting the Training Emphasis
technology for use in other specialized applications; it is
presently in the field in one Electronics Principles Inventory and
was also used in a fashion in the Officer Professional Military
Education project which is now near completion. While originally
designed to assess first term training requirements, we believe that

the Training Emphasis methodology can be used in meeting a number of
special needs. We anticipate that our occupational analysis
technology will continue to evolve to help in meeting Air force
management needs in the 1980s.
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THE AIR FORCE OCCUPATIONAL ANALYSIS PROGRAM - A CHANGING TECHROLOGY

Walter E Driskill, Ph.D., Jimmy L MitcholI, Ph.D.,- I Joseph S. Tartell

USAF Occupational Analysis Program

USAF Occupational Measurement Center (ATC)
Randolph AFB, Texas 78148

As occupational analysts, one of the criticisms we hear most from managers
and trainer as vthat job analysis "doesn't tell us what people should be doing."
Fortunately in the US Air Force occupational analysis program w awae o f the
techniques to counter such criticism, be they legitimate or not-so-legitimate.

Several arguments may prevail with the criticism levied by users of job data.
After having analyzed the jobs of over 800,000 enlisted job incumbents in 300
plus occupations as well as over a third of the officer force, we are convinced
that such criticisms primarily stem from three sources.

First, in many instances (a vast majority, in fact), the "what is" of the work
environment, as revealed by job analysis, is the real world - and ctonends about
"what people should be doing" likely to be spurious. We are all aware of the differ-
ences that exist between stated policies and the implementation of those policies,
and when the discrepancies are investigated, may times policy is at odds with the
real world.

A case in point occurred several years ago. We were surveying the fire
protection occupation. During our interviews with firefighters e identified a
nuAber of tasks relating to the maintenance of runway baiers. When the trainers
and staff managers of the occupation saw these tasks, they wanted to purge them
from the fire protection task inventory. They stated categorically that runway
barrier maintenance was a function of the power production occupation, and that
directives were in effet to prohibit fire protection ersonnel from such activity.

dirEven though the trainers and staff managers were adamant that no fire protection
personnel performed any runway barrier maintenance, we left the runway barrier main-
tenance tasks in the fire protection inventory, following our usual policy of not
eliminating tasks based on contentions like those that were made. Instead, we let
the results of the job analysis give us the answer.

After administering the job inventory to the fire protection personnel, the
analysis showed that over 35 percent of the journeymen level fire protection spec-

' ialists were maintaining run~way barriers. A follow-up inquiry of base commanders
and their subordinate, representati,:'es for airfield operations revealed that, in fact,

~the commanders were u sing fire protection personnel for barrier maintenance. The
o reason they gave waL that the Dower production specialists, who were by policy, and

~directive responsible for those systems, did not perform night shift operations.

When a runway barrcegi became inoperative in the middle of the night or there was a
wind direction change which necessitated a relocation of the barrier, the quickestand simplest remedy was to turn to the fire protection specialists. They are always

on the flightline, are mobile, and could make the necessary repairs or change
i locations long before a: power production specialist could be routed from his bed

to take care of the work. As a result of this fiiding, minor runway barrier
maintenance responsibilities were added to the fire protection specialty. Thus,
the policy guidance was brought into line with the real world.
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The second r urce of confusion between "what is" and "what ought Lo be" some-
times lies in obscure management or training problems. In a survey of the Air For
environmental health occupation a few years ago, we found that none of the personnu,

from apprentice through supervisor were perfoning any of the new tasks associated
with the protection of the environment that had been brought about by environmental
protection legislation. Since our resident training schools were teaching these
new tasks, we conducted a follow-on investigation to find 6ut why these tasks were
not being performed. The results showed that while the more recent graduates of th"
technical training knew how to perform the tasks, their supervisors and managers did
not permit them to do so. The reason: the supervisors and managers and more
experienced personnel had not received training and did not know how the new tasks
were to be performed. Thus, the new tasks had not b6en implemented by operational
units. Obviously, this problem was one of management and the training of the mana-
gers and supervisors.

The third source is the inconsistency of perceptions of what "ought to be,"

brought about by the differing levels of management involvement of the individuals
concerned with an occupation, and brought about by the changing nature of the work
environment. Different management levels have dlfferent perspectives about what
personnel in an occupation should be doing. At the very top level of management,
because of their broader scope of responsibility, we find personnel who want every
worker to be able to perform every task in the occupation. At the very bottom
lovel, that is, at the first line supervisor level who is responsible for getting
the job done, the expectancy is that people will do only that which is required in
their jobs. They usually are less concerned with breadth of ability and more con-
cerned with specialized ability. Depending upon the number of levels between the
top and bottom, you can have very different perceptions about what the incumbents
of an occupation should do. Once again this is a management problem. The issue is
that there is no average job in an occupation - that there really are many different
jobs, and unfortunately, as Driskill and Mitchell (1979) pointed out in the paper
to the Military Testing Association the separate jobs are frequently viewed as error
variance. In reality, it is impossible to talk about what people should be doing
from any particular perspective - level of management ivolvement. An occupation
must be viewed from the perspective that there are many different jobs which
emerge because of situational factors.

The changing nature of the work environment presents an unique problem and is

brought about by the introduction of new equipment, new concepts, or new factors
which cause or require the forecasting of what will be in the future. This is an
extremely difficult problem, for there is no experience upon which to draw conclu-
sions &bout what the jobs will be. Instead, it is a matter of forecasting. We
have been able in the Air Force occupational analysis program to do some forecasting
and believe that we have a handle on ways of tackli.g the problem.

of We have taken two approaches to the problem. The first of these is in the use
of utilization and training conferences which convene periodically after the comple-
tion of an occupational survey. n these conferences staff management personnel,
operational personnel from the major using commands, personnel classification and
assignment representatives, trainers, and occupational analysts meet in a workshop.
There, with job analysis data from the real world, these representatives can work
out the problems of management, of utilization, and of tratning. In more than 100
of these workshops over the last two years, we have foind that the problems of dif-
fering concepts of what jobs should be, as well as differences between what people
should be doing and what they are doing, are usually worked out satisfactorily.
To some extent also, the question of forecasting changes in jobs can be addressed
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on the basis of collective experience of those present at the workshop. With air
staff representatives and major command representatives present, future equipment
procurement and shifts in management policy can be discussed and the impact of such
changes on training and utilization can be ascertained. These utilization and
training workshops represent a new and more effective way of dealing with the manage-
ment of specialties. In the Air Force, we feel that they have been tremendously
successful, and we view such workshops as a major innovation in Instructional Systems
Development and personnel management.

Another approach we are using to address the question of forecasting is an
adaptation of the training emphasis technology used in the Air Force occupational
analysis program which was reported by Ruck, Thompson, and Thomson (1978) at an
earlier Military Testing Association conference. In this methodology we use the job
inventory for an occupation as a basis for collecting opinions from senior super-
visors in the occupation on two elements. The first element is an identification of
the tasks within the job inventory for the occupation that require formal or struc-
tured training prior to an airman's entry into the work or occupation; and the second
element is the ratings of these supervisors of the emphasis that should be provided
in training on each of the tasks that they selected for training. They use a nine
point scale to make these ratings.

Our first application of the adaptation came in a study to determine training
requirements for security policemen in Air Base Grornd Defense Tactics (Mitchell,
1980). During the process of conducting an occupational survey of the Security
Police occupational field, questions arose about initial and follow-on training for
personnel associated with Security Police Element for Contingencies (SPECS) concept
for base defense. At the time of the survey this program was to be replaced with a
new Air Base Ground Defense (ABGD) approach in which the Air Force assumed complete
responsibility for the protection of Air Force bases.

The evolution of the Air Base Ground Defense concept caused immediate
recognition of the need for specialized training in the area of defensive combat
skills. The challenge facing the staff of the Security Police Academy was to
identify, from the domain of all possible combat skills, those skills and knowledges
most directly applicable to Air Force air base defense, and to develop an appropriate
course of instruction which would meet the defined training requirement and still be
within the constraints of an austere training budget. In agreeing to provide some
assistance in defining the ABGD training requirement, the staff of the USAF Occupa-
tional Measurement Center recognized that the normal occupational analysis methodology,
aimed at the quantified description of the tasks personnel perform in their jobs,
would not be applicable. The ABGD concept requires training for contingency opera-
tions; that is, for what might happen rather than for what tasks Security personnel
perform in their day-to-day peacetime jobs. Thus, the normal "Task List" approach
would not meet the objective of this project.

One obvious approach was to define the possibilities which might occur and ask
senior Security Police personnel what training should be given. This approach
required a structured questionnaire, which defined the situation very precisely
("what might occur"), and structured the responses of the individuals surveyed so
that the data could be easily summarized and compared. This approach would involve
a "scenario" which had not previously been used in the USAF occupational analysis
program. Thus, in this study, we were at the very edge of the "state of the art",
and there was no previous history of research which would lead to the clear speci-
fication of decision criteria (such as exists for the regular occupational analysis
program).
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While it may have been posstble to specify a series of scenarios and ask for
ratings of what should be trained, such an approach would nave generated more data
than could have meaningfully been analyzed. In discussions with the Security Police
Academy Commander, it was agreed to limit this project to a single scenario - the
one which would be at the upper end of the spectrum of possible serious threats and
yet would still be within the realm of a credible defensive response. In these
discussions, it was further agreed that s list of the skills, knowledges, equipment,
and weapons would be used to gather data rather than the usual task list. It was
considered that such a list of skills, knowledges, and weapons would be more relevant
in this case, and would be more directly interpretable for the design of ABGD training.

It was further agreed that the data gathered would consist of ratings by
senior Security Police personnel of the relative emphasis which each item (skills,
knowledges, weapons) should receive in an ABGD training course. The Air Force Human
Resources Laboratory (Occupational and Manpower Research Division), Brooks AFB, Texas,developed a ',ating procedure to identify tasks (in a normal USAF Job Inventory) which

should be given the greatest emphasis in initial training (defined as resident training
or formal on-the-job training). This training emphasis research was conducted in 1978
and was released for operational use by the USAF Occupational Analysis Program in
February 1979. This technology is currently being used in every occupational survey
to gather data for technical training curriculum developers and training managers.

In the ABGD situation, where a hypothetical scenario was used, there had been
no research to determine if Training Emphasis ratings could be gathered reliably
and have some relevance or validity. In using the Training Emphasis technology in
a new situation, the present project extended and modified the original purpose of
the training emr~hasis research. For the ABGD project, the question asked of raters
had to be more specific - they were asked what the relative emphasis should be on
various skills, knowledges, equipment, weapons, etc. in a new Air Base Ground Defense
Tactics course. This question was much more specific than is the case with usual
training emphasis ratings; logically, if reliable and valid ratings can be achieved
in the more general training emphasis areas, then it should be highly likely that
ratings in a more specific, clearly defined situation (dealing with only one course)
would also be reliable and potentially useful.

The scenario and inventory of ABGD tactics and equipment were developed during
September and early October 1978. An initial list was developed by the Combat
Skills staff at Camp Bullis, working with a team of occupational analysts. This
list was reviewed and embellished in a conference session with the staff of the
Security Police Academy at Lackland AFB. The scenario was developed by the senior
staff of the Academy and was reviewed and approved by the staff of the Office of
Security Police, Kirtland AFB NM, which is the highest Air Force management level
for police.

The ABGD Tactics Inventory was validated in a two-step process. First, approxi-
mately 50 senior Security Police representatives at the October 1978 World Wide
Security Police Symposium reviewed the list in detail and critiqued its approach and
content. In addition, major command representatives took copies of the instrument
back to their commands for further analysis and review. MAJCOM comments were funneled
back through the Office of Security Police (AFOSP) at Kirtland AFB, to insure the
differences of opinion could be resolved, and to demonstrate that this was an offi-
cial AFOSP project. Command comments were analyzed and forwarded to the USAF
Occupational Measurement Center for uie in developing the final survey instrument.
A final version of the ABGD Inventory was constructed in January and February 1979.

DRI-I



During April 1979, 1,100 copies of the ABGD Inventory were mailed to Security
Police units worldwide. A letter of instructions was included which emphasized the
importance of the project and requested an immediate and complete response. Brigadier
General William R. Brooksher, the Chief of Security Police (AFOSP, Kirtland AFB 1M)
signed the letter, which may account for the exceptional level and speed of response.
One thousand and twenty-three completed booklets (a 93 percent return rate) was
received by the USAF Occupational Measurement Center within 37 days of mailing, when
the administration was closed and data entered into the computer. This initial data
base was subjected to a number of quality control "clean up" procedures before being
entered into the primary analysis programs.

Sampling in a special study, such as the ABGD project, is a critical part of
the study. In this case, one of the basic issues to be addressed was whether there
was a general consensus as to what should be given emphasis in ABGD training. In
order to define whether there were such a consensus, it was necessary to define a
variety of groups of personnel who might have differing opinions as to what should be
trained. If there was general agreement among such groups, then it would be possible
to assert that the underlying rating policy had been tapped, and that the resulting
ratings could be used in decisionmaking. If there was no general agreement, then it
might still be possibla to identify groups likely to have a realistic opinion as to
what should be trainoed (e.g., those with knowledge of the war plan, those with
combat experience, etc.) and use their ratings for making decisions as to the ABGD
curriculum.

In discussion with the Security Police Academy Commander, it was decided to
inclade a variety of groups so that the degree of their agreement could be assessed.
Raters assigned to the air staff or on major command staffs would be used as one
group, since they could be expected to have the greatest knowledge of security
contingency plans. All Security Police officers above the grade of first lieutenant
were included to insure that the overall sample had some officers with combat
experience, such as in Southeast Asia. Background questions were included to insure
that those with combat experience could be identified and contrasted with those who
had no combat experience. It was also considered important to include some way
to identify officers and NCOs who were part of the training establishment to
ascertain if their opinions were in agreement with operational personnel.

The opinions of flight commanders might be different from those who are staff
personnel. Thus, all first lieutenants and captains with at least 18 months
experience as shift commanders were also included. In addition, a random sample
of 200 senior enlisted managers were included, as well as a random sample of 150
fully qualified technicians in the security or law enforcement field. Finally, it
might be considered that those who had received "Safeside" training, which was
specialized training in perimeter defense, might also represent a different perspec-
tive. It proved difficult to identify personnel with Safeside experience and it
was necessary to ask for nominations from each major command of personnel with Safe-
side experience. All commands cooperated in this effort and provided nominations
by immediate return message.

A total of 1,023 booklets were returned and processed. The rater sample
represented a very significant proportion of the senior leadership of the Security
Police career field. Using the reliability program kREXALL) of the Comprehensive
Occupational Data Analysis Programs (CODAP), 906 cases were processed. These 906
cases were found to be in substantial agreement as to the recommended training
emphasis for the items in the ABGD inventory. The interrater reliability (as
assessed through components of variance of group means analysis) among these 906
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raters was .996. Because the high interrater agreement might be attributed to the
number of cases in the sample, we did further analysis in which we divided the 906
cases up into 12 subgroups. Interrater agreement within each subgroup exceeded
.90. We then correlated the responses of the individuals in the groups with those A

in each of the other groups, as well as the ratings of the total sample. The 13
intercorrelations range from a low of .90 (rounded) to .99. The N for the 12 sub-
groups ranged from 54 to 400.

These correlations indicated a very high agreement among Security Policemen
who are knowledgeable of Air Base Ground Defense tactics. As a result, the Security
Police Academy was able to determine the curriculum for ABGD training that is now
given at Camp Bullis, Texas.

We have extended our methodology in an extensive study of the leadership,
management, and communication tasks officers perform. This project is to provide
data for the development of Professional Military Education (PME). In addition to
collecting task performance data in the usual format, we also collected officer
judgments about the emphasis that should be placed on various topics now taught in
PME courses. While these data are not yet reported, preliminary analysis indicates
that the extension of the technology has again produced reliable results.

In summary, then, occupational analysts, at least in the Air Force program,
are in a position to answer criticisms about "what should be." It should never be
forgotten that in the face of such criticism, the starting point is always what the
real world of work is. Assessments of "what should be" then can be made, and the
methodology exists to address the question of "what should be" when it is legiti-
mately different than "what is." V
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Kentucky, & EATON, Newell K.,. U.S. Army Research Institute for the
Behavioral and Social Sciences.

CONSISTENCY OF UNIT PERFORMANCE RATINGS BY ARMOR OFFICERS AND NCOS
(Thu P.M.)

Although the operation of a tank requires coordination among
its crewmembers, tank crews are rarely fully-manned. Both training
and maintenance suffer as a consequence. In 1977 the Tank Forces
Management Group recommended as a solution that additional crewmen
be assigned to tank units and that the effects of their assignment
be evaluated. As part of the evaluation, additional tank crewmen
were assigned to 12 different battalions in USAREUR. Their effects
on unit pertormance were determined by comparing the effectiveness
of these 12 battalions with that of 6 battalions to which no
additional crewmen were assigned. Since unit performance tests
could not be administered, the comparisons were made using officer
and NCO ratings. While these data produced the expected
differences, response biases favoring unit augmentation were

I considered possible. The internal consistency of the data was

examined to determine if such biases occurred, and if so, to
determine the extent of their influence on the results.
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CONSISTENCY OF UNIT PERFORMANCE

RATINGS BY ARMOR OFFICERS AND NCOS

Eugene H. Drucker

Human Resources Research Organization

and

'1 Newell K. Eaton

U.S. Army Research Institute for the Behavioral and Social Sciences

INTRODUCTION

The TO&E for armor units specifies that the 17 tanks in a tank
company be manned by 68 crewmen, which is equivalent to 4 crewmen per
tank. While this number of crewmen should enable each unit to fully
man its tanks, the 17 tanks are, in fact, rarely fully manned. This

is due in part to absenses resulting from leave, sick-call, in-proc-
essing, out-processing, and assignment to details. In part it is due
to the assignment of tank crewmen to special duty, and in some cases

to the failure to assign the full complement of 68 men to a tank com-

pany.

The successful operation of a tank, however, requires the co-
ordination of the full four-man crew. Many duties performed during
training involve close interaction between and among the crewmen in
all four positions. These duties cannot be taught or practiced in the

absense of one or more members of the crew.

The shortage of armor crewmen can also interfere with tank main-
tenance. Routine maintenance is frequently delayed because there are

not enough men available to complete the required number of maintenance

tasks.

In 1977, the Tank Forces Management Group issued a report dealing
with the shortage of authorized tank crewmen in armor units. 1 The

report states that the loss in the effectiveness of a Tank Weapon System

resulting from the absense of just one crewman is greater than 50 per-

cent. The report also notes that the full complement of four crewmea
does not provide for replacements of crewmen lost in combat, and that

it does not provide sufficient manpower for the efficient operation or

servicing of the equipment. Consequently, the group recommended that
the number of crewmen in armor units be increased by one crewman per
tank and that the effects of this increase be assessed.

In response to these recommendations, the Department of the Army

ordered that a test be conducted of the augmented tank crew or"fifth

crewmen" concept. The purpose of the test would be to determine how A

the assignment of additional crewmen would affect the quality of train-

ing and maintenance in armor units, to determine how their assignment

would affect the operational capabilities of these units, and to assess

lKalergis, J.G. Tank Forces Management Group Study Report, Fort Knox,

Kentucky: Office of Armor Force Management (OAFM), April, 1977.
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the severity of any problems that the additional crewmen would cause
in the areas of administrative reporting, transportation, logistics,
and command control.

Since the test of the fifth crewman concept was to be conducted
in USAREUR using TO&E armor units, an important restriction was imposed
upon the test design. No data collection procedures iould be used that
would interfere with the combat readiness of the test units. This meant,
in effect, that objective test procedures could not be used to measure
the effects of unit augmentation. The assessment would be limited, in-
stead, to information that could be collected through the use of question-
naires or interviews. As a consequence, the results of the test were
susceptible to the types of biases that are present in any subjective
evaluation. It is the purpose of this paper to describe the test of
the "fifth crewman" concept, to summarize the major findings, and to
discuss the effects of the use of subjective data.

METHOD

Eighteen armor battalions in USAREUR participated in the "fifth
crewman" test. Twelve of the battalions were each augmented in strength
with 54 additional tank crewmen, one crewman for each tank in an armor
battalion. The remaining six battalions filled to 100% of strength
authorized by the TO&E, but were not augmented beyond this level.

The number of additional tank crew-men assigned to the test bat-
talions and the organization level to which they were assigned are
summarized in Table 1.

TABLE 1

Number of Additional Crewmen Assigned to Test
Battalions and Organizational Level of Assignment

Number of
Additional Organizatiortal Number
Tank Crewmen Level of of
Per Battalion Assignment Battalions

54 Company 6

54 Platoon 6

0 N/A 6

LI
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In six of the twelve augmented battalions, the additional tank
crewmen were to be assigned by the battalion to company headquarters
for control and administration. In the other six augmented battalions,
the additional crewmen were to be assigned by the battalions to platoons.
The purpose for assigning some of the additional crewmen to company head-
quarters and others to platoons was to compare the effects of these two
levels of assignment. It was observed during the survey, however, that
most of the additional crewmen were assigned to platoons regardless of
the intended level. Consequently, any differences found between battalions
augmented at company level and those augmented at platoon level can

4probably be attributed to chance.
The six nonaugmented battalions were baseline or control battalions

to assess the effects of augmentation.

To determine the impact of the additional tank crewmen on unit per-
formance, questionnaire and interview items were prepared pertaining to
various test issues. These items were administered to battalion command-
ers and representative samples of subordinate leaders and crewmen. The
data were collected twice in order to assess the effects of augmentation
over time. The additional tank crewmen were scheduled to be assigned to
augmented units by December, 1978, and the first data collection phase
occurred during January, February, and March, 1979. The second data
collection phase occurred during April, May, and June of 1979.

All battalion commanders, company commanders, first sergeants,
battalion Sls, battalion S4s, and battalion maintenance officers in the
test units participated in the survey; the other participants included

samples of platoon leaders, platoon sergeants, and tank crewmen from these
battalions. A total of 540 respondents participated during the first data
collection phase, while 519 respondents participated during the second phase.

None of the questionnaire items required a respondent to directly
judge the effects of the additional crewmen on unit performance. Instead,
each question was designed to assess the perceived quality of performance
within the unit to which the respondent was assigned. The impact of the
additional tank crewmen on unit performance would be assessed by comparing
the responses obtained from the two types of augmented battalions with
those obtained from the nonaugmented battalions.

The questionnaires contained two types of questions--primary and
secondary. Primary questions were written in general terms to obtain an
overall judgment pertaining to an issue, while secondary questions were
written in more specific terms to provide more detailed information. For
example, the primary question dealing with the quality of maintenance was,
"How would you describe the overall quality of the maintenance performed
on tanks by the crews in your battalion?" This was followed by a seven-

.9 point rating scale with rasponses ranging from "extremely good" to "ex-
tremely bad." There were four secondary questions pertaining to the
quality of maintenance. One was, "How would you describe the quality of
the quarterly services performed on the tanks in your battalion?" Another U
was, "How adequate is the number of tank crewmen that are available in your
battalion for performing day-to-day crew maintenance on tanks?" Only the
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responses to the primary questions were analyzed statistically. The
responses to the secondary questions were used primarily to help in-
terpret the results obtained on the primary question.

Items were scored by assigning numerical values to each responsealternative. In all cases, high values are favorable and low values

are unfavorable. The most unfavorable response was always assigned a
value of 1.0; the most favorable response was always assigned a value
equal to the number of response alternatives contained within the item.

Comparisons between augmented and nonaugmented battalions on the
primary questions were made using fixed-model analyses of variance.
Whenever a -ignificant main effect was obtained for Battalion Type, a
contrast was made between augmented and nonaugmented battalions. When-
ever a sigrificant interaction occurred between Battalion Type and Data
Collection Phase, simple effects analyses were conducted for each data
collection phase.

RESULTS

Ratings of unit performance were obtained for training, maintenance,
sustained operations, and unit readiness. The mean ratings are presentedin Table 2.

TABLE 2

Mean Unit Performance Ratings by Battalion Type

Type o UnitBattalion Type
Performance Augmented Augmented

Company Level Platoon Level Nonaugmented P

Training 5.75 5.88 5.21 <.01

Maintenance

Phase 1 5.82 5.46 5.36 NS

Phase 2 5.85 6.08 5.44 <.01

Sustained Operations 6.25 6.33 6.00 .051

Unit Readiness 5.97 5.99 5.61 <.05

Looking at the results for training, the ratings were higher in

the two types of augmented battalions than in the nonaugmented battalions.
A significant main effect was obtained for Battalion Type, and a contrast
between augmented and nonaugmented battalions showed that the overall qualityof training was rated significantly higher in augmented battalions than in
nonaugmented battalions.
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Since the analysis of variance conducted on the maintenance data
yielded a significant interaction between Battalion Type and Data Collection
Phase, the data are presented separately for each of the two phases. Simple
effects were conducted for each data collection phase separately. The sim-r ple effect for Battalion Type was significant during the second data collec-

tion phase, biL not during the first. A contrast between augmented and non-
augmented battalions during Phase 2 showed that the quality of maintenance
was rated significantly higher in ths augmented battalions than in the non-
augmented battalions.

Looking at the rated capability to perform adequately during a 72 hour
sustained operation, the ratings were again higher in the two augmented types
of battalions than in the nonaugmented battalions. The main effect for Bat-
talion Type, however, was only of borderline significance. A contrast be-
tween augmented and nonaugmented battalions showed that augmented battalions

were rated significantly more able to perform adequately during a sustained
operation.

Finally, the ratings of combat readiness were also higher in augmented
than in nonaugmented battalions. The main effect for Battalion Type was
significant at the .05 level, and a contrast between augmented and nonaugmen-
ted battalions showed that the augmented battalions were rated significantly
higher in combat readiness than the nonaugmented battalions.

The next table shows data pertaining to the types of problems that were
reported as a result of assigning additional tank crewmen to battalions.

TABLE 3

Mean Problem Severity Ratings by Battalion Type*

Type of Battalion Type
Problem Augmented Augmented

Company Level Platoon Level Nonaugmented

Administrative NS
Reporting 5.30 5.14 5.07

Transportation 4.72 4.25 4.17 NS

Logistics 5.69 5.51 4.99 <.01

Command & Control 4.27 4.I 4.05 NS

High values imply low severity.

There were no significant differences among the battalion types in
the reported severity of administrative reporting problems, transportation
problems or command and control problems° However, there was a significant
main effect for battalion type for the reported severity of logistics prob-
lems. Surprisingly, logistics problems were reported to be more serious in
the nonaugmented battalions than in the augmented battalions. A contrast
between the two types of battalions showed that chis difference was signi-
ficant at the .01 level.
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DSCUSSION

The results obtained during the test of the "fifth crewman" concept
suggest that the assignment of additional tank crewmen to armor units not
oaly improves unit performance, but that it does so without causing prob-
lems for the units to which the additional crewmen are assigned. But are
these valid results, or should they be attributed primarily to the use of
subjective data? The respondents in both the augmented and nonaugmented
battalions were told that they were participating in a test of the "fifth
crewman" concept. It could certainly be assumed that they would have a
vested interest in the outcome of the survey since they would have liked
the additional tank crewmen ro be permanently assigned to their units.

The best way to determine whether or not the ratings were valid in-
dicators of unit performance would have been to correlate them with object-
ive performance measures. But performance tests could not be given due to
the restrictions described earlier. Moreover, the validity of the items
could nct be established on other armor units since there would have been
less reason in nonparticipating units to exaggerate their level of unit
performance or to understate the severity of problems that were being ex-
perienced in these uaits.

The strongest evidence for the existence of a response bias occurred
in the data dealing with the severity of logistics problems. These prob-
lems were described as being significantly more severe in nonaugmented
battalions than in augmented battr-ions. Since there were 23% more crew-
men in the augmented battalions, iuglstics problems should have been more
severe in the augmented battalions instead.

If there were either conscious or unconscious efforts to conceal the
existence of logistics problems in augmented units, the same efforts should
have been made on both the primary and secondary questions dealing with
logistics. After all, the respondents did not know which were the primary
questions nor even that they were primary and secondary questions.

Table 4 contains the mean responses on the secondary questions deal-
ing with logistics.

The data seem to suggesL that some logistico problems were described
as being more serious in nonaugmented battalions; this corresponds to the

V" results on the primary question. In particular, respondents in nonaugmen-
ted battalions reported a more serious shortage of TA-50, a more serious
insufficiency in mess facilities, and a more serious shortage of storage
facilities. On the other hand, respondents in augmented battalions appear
to report a more serious shortage of station property, and no clear differ-

ences appeared in the reported seriousness of the shortage of troop billet-
ing or in the seriousness of inadequate installation support. The fact
that there were these differenceF suggests that the data could be valid.

But how could any logistics problem be more severe 
in nonaugmented

battalions? The most likely answer to this question is that a greater

effort was made to solve the .. types of problems in the augmentd units.
It should not be forgotten that additional tank crewmen were also assigned
to the control battalions in order to bring them up to 100% strength. If
additional support were to be given to the test battalions, it wo.ald
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TABLE 4

Mean Logistics Ratings on Secondary Q'iestions
by Battalion Type

Battalion Type
Secondary Augmented Augmented
Question -Company Level Platoon Level Nonaugmented

Shortage of Troop
Billeting 3.12 2.65 2.62

Shortage of TA-50 3.71 3.47 3.30

Shortage of Stotion
Property 3.91 3.22 4.04

Insufficient Meqs
Facilities 4.27 4.57 4.10

Inadequate Installation
Support 3,29 3.41 3.32

Shortage of Storage
Facilities 3.67 3.53 2.82

probably be given to the augmented test battalions since these battal-
ions experienced the greater increase in personnel strength. With this
additional support, however, logistics problems in augmented units could
be less severe despite the greater number of additional crewmen. In other
words, both augmented and nonaugmented battalions should have experienced
serious logistics problems, but these problems were more likely to be
solved in the augmented battalions. Thus, the results obtained on the
primary question do not necessarily imply that the responses were biased.

Another source of possible bias that may have affected the results
of the "fifth crewman" test is the halo effect. This would manifest itself
by a tendency to make similar judgments ac.oss a number of different scales~regardless of the aspect of unit performance that was being judged.

Reexamining the ratings of unif- performance presented in Table 2,
it appears that the ratings given to these different aspects of unit per-~formance were inL fact quite similar. Before infering the existence of

the halo effect, however, other data need to be examined also. Table 3
contained mean ratings of the different types of problems that were ex-
perienced in the test units. Reexamining these ratings, it is apparent
that they did differ from problem to problem. Since the primary question
ialing with command and control problems had a Live-point rather than a
seven-point response scale, it should not be included in the comparison.
Nevertheless, in all three types of battalions, transportation problems
were described as being more serious than those pertaining to adrinistra-
tive reporting or logistics. Next, the ratings made on the secondary

DRU-7



items dealing with logistics can be reexamined. These appear in Table 4.
A five-point rating scale was used for all of the items. Once again the
data suggest that the respondents made independent judgments across items.
For all three types of battalions, the shortage of troop billeting was
described as being the most serious problem, while insufficient mess
facilities was described as being the least serious problem.

Table 5 presents the mean ratings on the secondary items dealing
with combat readiness.

TABLE 5

Mean Combat Readiness Ratings on Secondary
Questions by Battalion Type

Battalion Type
Secondary Augmented Augmen ted
Question Company Level Platoon Level Nonaugmented

Amount of MTOE
Equipment 6.10 6.26 6.00

Condition of MTOE

Equipment 5.83 6.07 5.50

Number of Tank
Crewmen 5.58 5.55 3.29

Number of Tank Crewmen
Adequately Trained 4.41 4.47 4.04

Organic Logistical
Support 4,93 5.12 4.70

The respondents, once again seem to have responded differently • the
different items. The number of tank crewmen who were adequately trained
was described as being less adequate than the amount or condition of the
MTOE equipment. Also, it is important to notice that the number of tank
crewmen was described as being an especially serious problem in the non-
augmented battalions, as would be expected.

While these data cannot prove the absense of a halo effect, the fact,
that the respondents did respond differently to the different items sugge'ts
that its influence was small. And while it might be assumed that the halo
effect operated primarily on those items on which the respondents lacked
sufficient information, the process by which respondents were selected
should have precluded this possibility.

Next, it should be noted that there may have been a tendency by
respondents in all types of battalions to describe their units favorably
in case they themselves were being evaluated. The respondents were told

DIU-8

' ° "........ e . .Ai.nis.r . 1aa.. ... . .... .ii



that the purpose of the survey was to test the "fifth crewman" concept
and not to evaluate their performance, but there is no assurance that this
was believed. However, if there were such a tendency to respond favorably,
this tendency should have appeared in both the augmented and nonaugmented
units. If so, this source of bias should not have affected the observed
differences between the two types of battalions. Moreover, it should not
be assumed that the respondents described their units more favorably than
was warranted. Many of the officers and NCOs took advantage of the survey
to express dissatisfaction with their units.

In summary, while the data were obviously susceptible to the types
of bias described in this paper, and to other types of bias that were
obviously present, the existing evidence suggests that the assignment of
additional tank crewmen to armor units did result in improved unit perform-
ance and caused few, if any, serious problems.
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DUNCAN, R.E., USAF Occupational Measurement Centre, Randolph AFB, Texas.

AN APPROPRIATE NUMBER OF MULTIPLE CHOICE ITEM ALTERNATIVES: SWANSON
(1976) REVISITED (Wed A.M.)

Swanson (1976) has made claims concerning the preferability of
three versus four alternative multiple-choice test items.
ReanaLysis of data presented by Swanson reveals possible
discrepancies in procedure, data interpretation, and conclusions.
Reanalysis showed no significant statistical nor practical
differences between three and four alternative items. Data seems to
indicate continued use of the four alternative item method when
classical test theory is employed.
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An -,roprijfp Number of Multiple-Choice
Item Altern.itives: Swanson (1976) Revisited1

R. Eric Dun an

USAF Occupational Measurement Center
Randolph AFB, TX 78148

There may have been a misapplication of test theory when discussing the pros and
cons of three-alternative test questions versus the conventional four-alternative test
question format. Swanson (1976) conducted a study to verify the results obtained by
Tversky (1964) and Grier (1975). Grier made claims of maximizing "(a) expected test
reliability, (b) the power of a test, (c) the discrimination capacity of the test, and (d) the
uncertainty index" (Swanson, .976). Swanson's results were similar.

This paper examines Swanson's procedures and results in order to determine (1) if
they correspond to classical test theory, (2) if classical procedures would produce similar
results, and (3) if there were significant and/or practical differences between three and

four alternative test question data.

Method

Subjects and Instruments

Data accumulated, analyzed, and reported were obtained from Swanson's subjects
(Swanson administered a multiple-choice end-of-course exam to 489 US Air Force stu-
dents at the Air Force Academic Instructor School, Maxwell AFB, Alabama).

Procedure

Table and figure data were reexamined to determine significant and/or practical
differences between three and four choice alternatives. Swanson's (1976) first figure was
placed in tabular form to more easily evaluate differences (see table 1). Swanson's second
table was analyzed to determine whether obtained reliability indices were similar when
expanded or reduced using the Spearman-Brown formula to determine reliabilities of ex-
panded or reduced test lengths. Reduced or expanded reliabilities were compared against
obtained reliability values to determine possible discrepancies. Swanson's third and fourth
tables were non-statistically examined to evaluate practical differences between three
and four choice alternatives.

Results

The reliability indices of three and four alternative tests, presented in Swanson's
first figure, were compared at each "c" level (an increase in gross number of items (n) to
compensate for fewer alternatives (c), i.e. c=na). The results indicated that no obtained z
exceeded the critical .95z489 of 1.96, as can be seen in Table 1. Practical differences
were also examined.

IThe views expressed in this paper represent those of the author and do not necessarily
reflect the views of the United States Air Force or the Department of Defense
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Table 1

Tabular Form of Figure 1 as Presented in Swanson, 1976 and Crier, 1975

Number of Number of
Alternatives Questions "cit rxx Z

3 40 120 .575 1.23
4 30 120 .520
3 50 150 .655 1.04
4 37.5 150 .615
3 66.67 200 .745 1.01
4 50 200 .715
3 100 300 .830 .95
4 75 300 .810
3 200 600 .915 .90
4 150 600 .905

All z-values were nonsignificant

At the conventionally acceptable level for a meaningful reliability index (rxx=.8 0 )
interpretation, there were no practical differences, even though three alternative test
item reliabilities exceeded those of their four alternative counterparts.

Obtained reliabilities for each test (3 and 4 alternative) were examined after expan-
sion or reduction with the Spearman-Brown formula as shown in Table 3.

Table 2 Ii

Summary of Test Reliabilities

Test 76-A 76-B 76-C 76-D

75 .82 .83 .81 .58
100 .86 .88 .85 .76

(From Swanson, 1976)

Reliabilities for each test and corresponding class appear in Swanson's second table (see
Table 2). Rationale for expansion or reduction involves increased or decreased total test
variance (obtained by increasing or decreasing the number of test items) and its affect on
the unexpanded or non-reduced reliability values. Results of expansion or reduction
showed that thtre were no significant differences between the obtained reliabilities and
their corresponding expanded or reduced values.
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Table 3

Reliabilities After Obtained Reliabilities were Expanded or
Reduced Using Spearman-Brown Expansion Formula

Expat le. or
Class Test Obtained rxx Reducea rxx

76-A 75 .82 E to .859
100 .86 R to .822

76-B 75 .83 E to .867
100 .88 R to .846

76-C 75 .81 E to .850
100 .85 R to .810

76-D 75 .58 E to .648
100 .76 R to .704

Swanson's third table (see Table 4) was examined only so far as the "average differentia-
tion Index" was concerned. There were no statistically significant differences among

average differentiation indices for each class. No decision was reached about the J"
practical differences of the differentiation Indices due to a lack of individual item data.

Table 4

Test Data Summary Table

Test Mean Standard Average Average
Class Version Score Deviatior. Ease Differentiation

Index Index

76-A 75 46.98 10.70 62.64 .28
(N=109) 100 64.51 11.66 64.49 .36

76-B 75 54.60 9.17 72.80 .31
(N=142) 100 70.49 12.94 70.49 .34

75-C 75 48.66 9.26 64.91 .32
(N=123) 100 65.20 12.12 65.10 .34

76-D 75 56.98 5.66 75.96 .20
(N=115) 100 76.60 8.49 76.58 .24

(From Swanson, 1976)
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Since no control group was used In Swanson's study, comparisons of mean time
differences to a control group were not made. This makes the results and conclusions
questionable.

Discussion

After examination of these results, it seems possible that Swanson misapplied prin-
ciples of classical test theory in his data interpretation. Further explanation will point-
out these errors.

The first figure presented by Swanson tends to cause confusion. Reliability curves
may be inappropriate in this instance, especially without an explanation that most
reliabilities below .80 are not useful in establishing test validity. Reliabilities of .80 or
greater tend to lend credibility to the assumption of random selection of items from a
universe of items pertinent to the knowledge area. Since the greatest reliability differ-
ences appeared at levels below .60, meaningful differences were not found. The data
served to confuse rather than support the hypothesis of a better test question possessing
three instead of four alternatives.

Swanson failed to examine the results obtained when computed reliabilities are
expanded or reduced, using Spearman-Brown, to the number of items in the test to which
each is being compared. The i'esults show that no significant differences between
obtained and expanded or reduced values were found. In fact, all classes except 76-D
possessed almost identical values when obtained values were either expanded or reduced.
This suggests that the 100, three-alternative-item test could have been reduced to 75
items and not lose any true variance in the process. This would theoretically have saved
more time in construction and administration. The test with 75, four-alternative items
could have been expanded to incorporate more similar material and not change the relia-
bility index. In class 76-D, the reliabilities obtained suggest test problems not
correctable with expansion or reduction. Swanson's suggestion of better reliabilities with
the test composed of three alternative items does not appear to be warranted by the data.

One claim Swanson made was that of better discriminatory power with use of three
alternative test. Even though average differentiation indices were larger for the test
with three alternative items, these indices were not significantly different. Without item
data, no "better than" statements should have been made. A non-parametric test, which
could have shown a significant difference in the number of items with acceptable versus
unacceptable differentiation capabilities, should have been conducted. A test of this type
would have answered the question in a much better fashion than by simple mean
comparison.

With no baseline or time series data, time savings cannot be claimed. Swanson
seems to believe that a long test (100 items) given in the same period of time as a test
with fewer items (75) indicates time savings. This is not aiways the case. Under a proper
design, three and four alternative item tests would have had both 75- and 100-item
versions. When compared, the differing administration times would have yielded data
sufficient to make "better than" conclusions.
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It must be remembered that use of a test item format should never be limited to
an "easier to construct" philosophy. If this were the case, true-false questions would
suffice. Since this is not the case, frustration over inability to devise a "good" fourth
alternative should not be a consideration of test constructors when choosing format. It
has yet to be demonstrated that the three alternative item is any better than the four
alternative item. if the same knowledge areas are tested, the four alternative item test
is suggested. A change in oresent Air Force testing procedure is not warranted based on
the data presented by Swanson.
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EBENRETT, Heinz-Jurgen, German Armed Forces Psychological Services
Research Institute, Bonn, West Germany.

INTELLECTUAL PERFORMANCE DEPENDING ON NEUROTICISM AND INTROVERSION
(Thu P.M.)'

The question: Personality variables, especially the dimensions of
stability-neuroticism and extraversion-introversion,
are said to show a proven value in mediating
predictions and an important interaction potential in
all types of incellectual functioning. According to
the EYSENCKs psychophysiological theory extraverts are
regarded as low in arousal, introverts as high, and it
is further assumed that neurotic subjects (high
scorers on N scales) are characterized by higher drive
than stable subjects. There are thus four main groups
of subjects which differ in order of their drive
level: stable extraverts (SE); neurotic extraverts
(NE) and stable introverts (SI); neurotic introverts
(NI).

The-question: It is believed that the optimum of drive level for
complex and difficult tasks like those involved in
intelligence tests lies below the high level reached
by the NI subjects and above that reached by the SE
subjects.

The method: 597 pupils of German secondary schools were tested in
each of the four personality groups and in their
performance of intelligence scales representing a
number of seven primary intelligence factors.

The results: The findings fit the prediction only to some extent.
The NI subjects scored significantly less on three
performance scales (fluency; originality; number) but
higher on two scales including complex reasoning tasks
(verbal reasoning; figuzal processing), the comparison
groups differ by each other only in measures of
originality. Scores of introversion determinate
individual differences in intellectual pei'formance
more than that of neuroticism.
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INTELLIGENCE PERFORMANCE DEPENDING ON NEUROTICISM AND
INTROVERSION

- Heinz-Jargen Ebenrett -

1. Question

Famous researchers generally aaree that personality
features such as neuroticism and extraversion - introversion

interact with intelligence performance in complex, though
meaningful ways. Siqnificant relations can regularly
be obtained when laboratory learning tasks are used
(CATTELL 1934; EYSENCK 1967; M. W. EYSENCK 1976), but
they often fail to appear when orthodox intelligence
tests are employed (GIBSON 1975; GREIF et al. 1977;
SEDDON 1977).

The present paper is aimed to proof the assumption that

different degrees both of neuroticism and extraversion-
introversion ao hand in hand with individual differences
in orthodox test performance.

2. Methods/Basic Data

The presentoriginate from a study named "Productive
Thinking and Problem Sojing", which was carried out in
1975 by several members of the Institute for Psychology I
of the Free University of Berlin.

Within this study 545 high school students have carried
out 98 different orthodox paper-pencil intelligence tests
within three days, as well as some questionnaires i
concerning temperamental traits, motivations and interests.

Research Psychologist, Dezernat Wehrpsychologie,

Streitkraefteamt, P.O. Box 20 50 03, D-5300 Bonn 2
RThe team mentioned is still organized as "Forschungs-

projektschwerpunkt Produktives Denken/Intelligentes
Verhalten" (JAEGER et al. 1977). Their leader is
Prof. Dr. A. 0. JAEGER. The present author has been
their speaker for several years.

Average age: 17.6, ranqinq from 15 to 21 years of age;
of those: 289 male and 256 female students
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2.1 Variables concerninq dimensions of intelligence

By means of factoranalysis (SPSS, VARIMAX-rotation) the
total member of the 98 orthodox intelligence tests could beK
structured into the following factors of intel.iqence
(VIEWGRAPH 1):

- Memory ("Ged~chtris")
- Fluency ("Einfallsreichtum 1,X")
- Verbal Reasonina ("Verarbeitunq komplexer verbaler

Information")
- Speed of Handling ("Bearbeitunasceschwindigkeit

einfachstrukturierter Aufgaben")
- Figural Reasoning ("Verarbeituna komplexer figuraler

Information")
- Number facility ("Rechenfertiqkeit)
- Originality ("Originalit~t")

For further purposes we composed seven equivalent scales,
each representing one of the previous factors and including
those tests, which mark the respective factor best. By meanLs
of these scales we could manage to attach standardized scores
to each subject, which stand for its individual localization
on each of the referred dimensions of intelligence.

2.2 Variables concerninq differences in neuroticism and
extraversion-introversion

For measuring temperamental featurcs we used the "Freiburger

Persbnlichkeitsinventar (FAHRENBERG, SELG und HAMPEL 1973),
which includes a number of 212 questionnaire items and
allows to obtain individual scores for 9 first order traits

of temperament as well as scores for the following second
order traits:

FPT-N: Emotional Lability vs. Emotional Stability
(Neurcticism)

FPI-E: Extraversion vs. Introversion

Depending on whether a subject achieved high or low scores
in neuroticism (FPI-N) and/or extraversion-introversion
(FPI-E) respectively; eiqht different subgroups have been
formed (VIEWGRAPH 2):
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Subgroup FPI-Staninescores N
EmExtraverts FPI-E:7-9 237
I-Introverts FPI,-E:1-3 75
S=Stabile FPI-N:1-3 92
N-Labile FPI-N!7-9 124

SEaStabile 'xtraverts FPI-E:6-9 as well as FPI-N:1-4 130
NE-Labile Extraverts FPI-E:6-9 as well as FPI-N:6-9 124
SI-Stabile Introverts FPI-E:1-4 as well as FPI-N:1-4 59
NI-Labile Introverts FPI-E:1-4 as well as FPI-N:6-9 54

(We had expected that the stanine scores 1-3 or 7-9
respectively would approximately include a quarter of the
total sample. However, the empirical data show
significantly higher frequencies of extrcverts and labile
subjects. [EYSENCK 1972 gave similar results] . we have
pointed out that these results could be typical for
german high school students and that selection modes and
stress could have caused the slope).

In order to proof our basic assumption we compared the
levels of intelligence tests performances of the previous
suhg'-oups with one another by means of t-test analysis.

3. Results

3.1 Performance of extraverts vs. introverts
(VIEWGRAPH Extraverts Introverts

N-237 N-75
X (s) X (S) X

Verbal Reasoning 49.98 (5.49) 50.59 .(.12) -0.64
Figural Reasoning 49.50 (5.63) 50.69 (5.40) -2-27
Memory 50.08 (6.26) 49.80 (7.38) 0.29
Speed of Handling 50.10 (6.21) 49.66 (6.48) 0.63
Number Facility 50.29 (6.60) 49.18 (8.18) 1.07
Originality 52.10 (6.73) 47.21 (7.29) 5.15
Fluency 51.35 (7.45) 47.08 (5.27) 5.4c?

The present viewgraph contains a comparison of the T-
standardized averagp scores (in brackets: standard deviations)
of the extraverts with those of the introverts with regard
to intelligence performance. (The t-values represent the
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degree of significance of the respective score difference
tested: Those marted by a double asterix are significant at
the 1 %-level, those marked by a single one at the
5 %-level).

Based on the viewgraph the following statements can bemade:

1. In total the emnirical group differences are only of
slight importance. The average scores of both subgroups
vary little as against the average scores of the total
sample (X - 50).

2. In all but the two reasoning scales, which include
tasks of high complexity, the extraverts performed
better than the introverts. With regard to the two
productivity scales ("Fluency" and "Originality")
the group e Sfferences are significant at the 1 %-level.

3. With regard to the figurl reasoning scale, introverts
reached significantly (5 %-level) higher scores than
extraverts.

3.2 Performance of stabile vs. labile subjects
(VIFWGRAPH 4) Stabile Labile

N=92 Ni24

(s) (s) t

Verbal Reasoning 49.51 (6.13) 50.14 (5.57) -0.77
Figural Reasoning 50.80 (6.04) 49.98 (5.47) 1.02
Memory 50.23 (5.30) 49.47 (6.69) 0.93k
Speed of Handling 51.47 (5.97) 49.35 (6.24) 2.53
Number of Facility 50.77 (5.39) 49.73 (6.75) 1.25
Originality 50.22 (6.61) 50.40 (7.53) -0.18
Fluency 50.23 (5.30) 49.47 (6.69) 0.93

In the same way as the previous viewgraph, the present
one shows average scores of sabile subjects contrary
to labile subjects. The dataimore reflect only small
differences between the compared groups. Nevertheless,
two further statements can be made:
4. In all but two scales stabile subjects performed

better than labile subjrcts. The average scores with
an opposite tendency ("Verbal Reasoning" and "Originali-
ty") differ the least
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5. Only with regard to the speed scale ("Speed of
Handlina") stabile subjects performed significantly
better than labile subjects. (5 %-level)

3.3 Performance of the "combined" qroups
(VIFWGRAPH 5)

Stabile Labile Stabile Labile
Extraverts Extraverts Introverts Introverts

N=130 N=124 N=59 N=54

Verbal Reasoning 49.86 49.91 49.59 51.24
Figural Reasoning 49.77 49.31 50.26 50.81
Memory 50.30 49.58 50.77 48.79
Speed of Handling 50.73 49.67 50.75 48.38
Number Facility 50.38 50.19 51.69 46.92
Originality 50.74 52.39 47.28 46.96
Fluency 51.03 50.62 48.75 45.22

Stabile Labile
Extraverts Introverts

N=130 N=54

R (s) R (s) t
Verbal Reasoning 49.86 (5.64) 51.24 (5.51) -1.53
Figural Reasoning 49.77 (5.68) 50.81 (5.25) -1.18
Mekj.ry 50.30 (5.76) 48.79 (7.67) 1.72
Speed of Handling 50.73 (6.13) 48.38 (5.71) 2.48 m
Number Facility 50.38 (6.36) 46.92 (6.84) 3.18*
Originality 50.74 (6.61) 46.96 (8.50) 2.92*
Fluency 51.03 (7.19) 45.22 (5.93) 5.93

Viewgy ph 5, in the upper part contains a synopsis of

averaq scores of the four subgroups SE, NE, SI and NI
with regard to the referred scales of intelligence
performance.
The lower part of the present viewgraph shows the results
of t-test-analysis concerning the two subgroups SE and NI,
which differ most in the variables referred.

The results allow the following statements:
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6. Scores of intelligence performance of the "combined"
subgroups SE, NE, SI and NI differ to a qreater
extend than those of the previous subgroups E/I
as well as S/L.

7. Significant deviations essentially concern the
critical subgroup NI while the other groups differ
less as against the expected averaqe scores of X = 50.

8. The subgroups SE and NI differ most in the present
scores of intelligence performance. SI and NE
subjects take up intermediate positions.

9. In all but the two reasonina scales SE subjects
perform better than NI subjects; usually to a
significantly greater extend (exception:"Memory").

10. NI subjects performed best in the two reasoning
scales (including tasks of high complexity!) though
not to a significant extend.

4. Discussion

In total the present results confirm the hypothesis that
the (second order) temperamental traits extraversion-
introversion as well as neuroticism interact with
intelligence performance in meaningful ways - even when
orthodox intelligence tests are employed -; thouah
not constantly in the way we could have expected cn the
basis of literary research.
All in all the following two main results correspond
with previous results rather well:
- Introverts performed better than extraverts with regard

to figural and - with some reservations - verbal
reasoning, but less to speed tests as well as verbal
productions and simple arithmetical tasks.
Due to EYSENCKs theory extraverts show a more functional
arousal but generate reactive inhibition more strohgly
and more quickly; they therefore "opt for speed, intro-
verts for accuracy" (EYSENCX 1967, p.9 2)

- NI- subjects significantly showed less performance in
all but two intelligence scales.
This is due to the assumption (EYSENCK 1967)that NI
subjects are characterized by a high arousal (because
of being introverts) as well as by a high drive (because
of baing neurotics). They therefore reach A summarized
drive level, which lies above the functional optimum
for adequate intelliaence performance.
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Contrary to these results the following do not correspond
with theoretical expections:

- Stabile subjects, especially stabile extraverts,
performed better than the other groups.
Due to the Yerkes-Dodson-law it could have been
expected "that the optimum drive level for complex
and difficult tasks like those involved in an intelli-
gence test lies below the high level reached by high
N subjects, and above that reached by low N subjects"
(H.J. EYSENCK 1967, p. 92). This assumption does not
correspond with the present data. With regard to the
most complex tasks ("Verbal Reasoning" and "Figural
Reasoning") the high N subjects and the high NI subjects
even performed best.

We do not believe that these unexpected results can defeat
EYSENCKs basic assumptions. They can be exhausted by two
facts: First, the test situation was not exceptionally
stressing but similar to ordinary lessons; secondly, the
degrees of neuroticism probably did not reach cLinical
levels (otherwise the respective students would have
failed during their previous careers).

On the other hand, during further steps of analysis we
found weighty reasons that the A.O. construct U.I.21
"Exuberance" (CATTELL and WARBURTON 1967) was a better
predictor for an adequate intelligence performance than
the measures of neuroticism and extraversion-.introversion(EBENRETT 1980).
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EDDOWES, Edward E., and DEMAIO, Joseph C., Operations Training Division,
U.S. Air Force Human Resources Laboratory, Williams AFB, Arizona.

IDENTIFICATION, DEFINITION AND MEASUREMENT OF CRITICAL FLYING SKILLS

(Wed P.M.)

The objective of this study was to determine if flying skills
could be identified, defined, and measured. It was part of a program

to develop quantitative, objective procedures for the efficient

management of aircrew training.

Fighter pilots were interviewed to select sample tasks, specify

pilot actions required to perform them, and identify and define the

skills involved in their performance. Analyses of the pop-up weapon
delivery and low altitude tactical formation tasks identified six

skills: planning, recheck, discriminating, antizipating, deciding, and
controlling. Skill measurement procedures in which pilots rated their
bombing and formation flying performances were developed. Skill

ratings were collected to evaluate the measurement procedures.

Contingency Chi Square analyses disclosed significant

relationships between skill ratings and bomb scores. Multiple

regression analyses of formation ratinga indicated that position

keeping and visual lookout were signifi :ant components of formation

performance. The results were interpreted as evidence of the validity

of the skill measurement approach.

11
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IDENTIFICATION, DEFINITION, AND MEASUREMENT
OF CRITICAL FLYING SKILLS

Edward E. Eddowes and Joseph C. DeMaio
Operations Training Division

Air Force Human Resources Laboratory
Williams Air Force Base, Arizona

A flying training research program was developed to identify and define
critical combat skills of mission-ready aircrews, and to develop a practical
technology for measuring these skills. The goal of the research is to
develop and validate comprehensive, quantitative, objective procedures for
the efficient management of individualized flying training which will
provide aircrew mission readiness at minimum cost. The specif'. objectives
of the first phase of the program reported here were to: 1. Provide an early
evaluation of the key concepts and methods of the whole program, 2. Identify
and define selected critical flying skills, 3. Develop procedures for
measuring these skills, and 4. Evaluate and refine the skill measures.

TECHNICAL APPROACH

Previous efforts to improve flying training have focused on task
requirements. This research, however, focuses on identifying, defining and
developing procedures for measuring the critical skills underlying aircrew
mission readiness. Research reported by Meyer, Laveson, Weissman, and
Eddowes (1974), and Meyer, Laveson, Pape, and Edwards (1978), indicated that
a small, manageable number of skills could be identified and defined which

cut across the range of task performances required of mission-ready U.S. AirForce Tactical Air Command (TAC) pilots.

Research systematically addressing Air Force continuation training has
been minimal. Therefore, this project was initiated with a study designed
to develop skill definition and measurement procedures based on study of a
small sample of critical flying tasks. During the first part of the
program, research efforts were aimed at developing, evaluating, and refining
skill measurement procedures designed to assess pilot skills exercised in
accomplishing the pop-up weapon delivery (pop-up) and the low altitude
tactical formation (LATF) tasks. These measurement procedures were
developed in coordination wth a mission-ready A-7 squadron and an F-4
combat crew training squadron through a series of iterative refinements
based on pilot self-assessment records collected during the flying training
operations of these two squadrons.

Following development and initial test of the skill measurement
procedures, it was determined that they should be evaluated further and
cross-validated. Consequently, a TAC-wide test of skill measurement
procedures for the pop-up and LATF tasks was designed and implemented.

METHOD

Participants Pilots who contributed to the results of the Preliminary
Evaluation included those of the 354th Tactical Fighter Squadron (TFS)
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(A-7), Davis-Monthan AFB, Arizona; the 311th Tactical Fighter Training
Squadron (TFTS) (F-4), Luke AFB, Arizona; the 4th Tactical Fighter Wing
(TFW) (F-4), Seymour Johnson AFB, North Carolina; the 23rd TFW (A-7),
England AFB, Louisiana; the 347th TFW (F-4), Moody AFB, Georgia; the 354th
TFW (A-I), Myrtle Beach AFB, South Carolina; and the 474th TFW (F-4),
Nellis AFB, Nevada.

Materials Research materials consisted of pop-up and LATF self
assessment forms.

Procedures The TAC preliminary evaluation was initiated with the
cooperation and participation of the 354th TFS, Davis-Monthan AFB. Semi-
structured interviews with eight fighter pilots of the 354th TFS were
recorded and analyzed. Initial irkerviews were conducted to identify the

critical tasks involved in fighter mission scenarios. Having identified the
critical tasks to be studied, the research pilots analyzed each task into
its real-time components and described the behavioral actions required to
perform Pach component. These interviews used generalized maneuver diagrams
as guidelines. Pilots were interviewed both individually and in groups.

Critical task breakdown summaries were constructed using the data
obtained from the interviews. The summaries were reviEwed and refined in
further interviews to obtain a consensus on their completeness and
accuracy. In addition to the original research pilots, interviews to review
the task breakdown summaries were conducted with members of the 4444th
Operations Squadron (Operational Ti-aining Development), A-7 Division,
Davis-Monthan AFB, and with the staff of the Fighter Weapons School, 162nd
Tactical Fighter Training Group(TFTG), Arizona Air National Guard, Tucson,
Arizona, International Airport.

Subsequent interviews focused on validation of the skill identification/
definition analyses. Interviews were supplemented by photographing A-7
pop-up weapon delivery maneuvers at the Gila Bend Gunnery Range, AZ, which
included audio recordings of pilot commentary during the maneuver to provide
additional data on available means for skill measurement. These data served
as the basis for development of practical techniques for assessing the
critical flying skills identified in the analyses of the pop-up and LATF
tasks. Once developed, the skill measurement procedures were implemented in
routine flying operations to collect data to use in evaluating and revising
them.

RESULTS

Identification and Definition of Critical Tactical Flying Skills
Following completion of the analyses of the pop-up and LATF tasks, the
tactical taxonomy of Meyer et al. (1978), was used to identify the flying
skills exercised at each po'-t--during the pop-up maneuver and in accomplish-
ing the major performance requirements in the case of the LATF task. The
skills identified and their definitions were reviewed and refined through
coordination with participating pilots of the 354th TFS and the 162nd TFTG.

Initially six skills were found to accommodate the performance
requirements of the pop-up and LATF tasks: Planning, Recheck,
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Discriminating, Anticipating, Deciding and Controlling. Their brief
definitions are shown below:

Planning - Describing and updating mission requirements.
Recheck - Repetitive seeking and filtering of information

from within and outside the cockpit.
Discriminating - Evaluating fine differences amoung cues/cue patterns.
Anticipating - Predicting what aircraft control actions

will be required.
Deciding - Selecting from among alternative aircraft control

actions.
Controlling - Achieving and maintaining a series of aircraft

system and subsystem states.

Pop-Up Measurement Development Analysis of the pop-up disclosed that
the maneuver consisted of a sequence of pilot actions required to control
the aircraft to a point in space from which a bomb could be released so as
to hit the intended target. The initial analysis was summarized by stage of
the maneuver and the major skills exercised during each stage were
identified. A self-assessment form was developed on which pilots rated
their performance on each stage of the pop-up thus permitting specification
of the skills involved. Preliminary evaluation research continued with
collection of pop-up weapon delivery skill data for use in refining and
revising the self-assessment procedures and forms. Bombing skill data were
acquired using revised versions of the pilot self-assessment form for pop-up
maneuvers flown on both tactical and controlled ranges. The pop-up
self-assessment data were processed ar' the resulting skill scores were
analyzed to determine their relationship with bomb impact scores.

Pop-up data were colleco' Fjstematically in a study using F-4 student
pilots of the 311th TFTS. In this case, the evaluation forms were completed
by Instructor Pilots. Analyses of the data confirmed the validity of the
measurement techniques, (Pierce, DeMaio, Eddowes and Yates, 1979). Another
similar evaluation was performed subsequently at the request of the 311th
TFTS, (Pierce, Demaio and Yates, 1979).

LATF Measurement Development Analysis of the low altitude tactical
formation task indicated that it involved the continuous performance of four
major task elements, formation position keeping, low altitude flying, mutual
-upport (visual lookout), and navigation. Further analysis of these
component performances led to identification of the major skills involved.
A self-assessment form for recording pilot ratings of performance on the
LATF components provided For :nesjrement of skills in the same manner
employed with the pop-up. Skill measurement data generated through the use
oF tlie pilot self-assessment forms were studied in a series of multiple
regression analyses to provide the basis for revision and refinement of the
skill measurement materials and procedures.

r o,',ati.r perFormance data were collected from pilots of the 354th TFS
ana subsequently evaluated to determine the utility of the skill measurement
procedures for theLATF task. Multiple regression analyses of the LATF data
;,idicated that formation position keeping and mutual support wer3 the key
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components of LATF performance. The results were interpreted as
confirmation of the adequacy of the measurement technique, (DeMaio and
Eddowes, 1979).

TAC-Wide Test The pop-up and LATF skill measurement materials and
procedures were tested further during the TAC-wide test. Five tactical
fighter wings participated in the test, the 4th, 23rd, 354th, 347th, and
474th.

During the TAC-wide test, more than 1200 pop-up and LATF forms were
collected from participating pilots. An analysis of these data demonstrated
the validity of the measurement procedures and their generalizability in
applications with A-10 and F-4 aircrew persornel, (Lyon, Eubanks, Killion,
Nullmeyer and Eddowes, 1980).

CONCLUSION

These findings clearly indicate that a refined methodology for
identifying and defining critical tactical fighter pilot skills and for
measuring them in routine flying operations has been developed.
Additionally the results of the TAC-wide test confirm the validity and
generalizability of the measurement techniques across aircraft systems.

While the present results are not the final product of this research,
they provide a substantial baseline of proven research procedures and a data
base to support and stimulate further development, evaluation, and
refinement of the objectives and techniques of Project SMART. During the
next phase of the program, critical air combat maneuvering and air-to-ground
attack skills not yet studied will be identified and defined, and procedures
for their measurement developed and validated.
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COST AND TRAINING EFFECTIVENESS ANALYSIS (CTE) FROM PRINCIPLE TO

APPLICATION (Wed A.M.)

In the recently implemented US Army TRADOC Training Effectiveness
Analysis (TEA) System (TRADOC Regulation 350-4), the Cost and Training

Effectiveness Analysis (CTEA) is performed on newly developing

hardware systems to ensure training developments are initiated early
and are developed in coordination with hardware development. The CTEA
for the PATRIOT air defense missile system is one of the first CTEA's
conducted under the TEA system. Test methodology utilized to assess

the training subsystem prototype at Operational Test (OT) II is the
focus of this study. The use of attitude scales, skills and knowledge
tests, and hands-on performance tests to make these assessments is

discussed. A unique feature of the CTEA methodology is the 4

development of soldier profiles to assess soldier capability to
operate new systems. The construc :f such profiles for the

PATRIOT system and their implication,% to system development are

summarized. Illustrative results, problems encountered, and lessons
learned for future CTEA studies are presented.
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COST AND TRAINING EFFECTIVENESS ANALYSIS:

FROM PRINCIPLE TO APPLICATION

Edward L. George, Ph.D.
US Army TRADOC Systems Analysis Activity

White Sands Missile Range, New Mexico 88002

A Cost and Training Effectiveness Analysis (CTEA) is a systematic study
to assess developing training subsystems during the hardware acquisition
process. It involves the application of formal analytical procedures and
empirical methodologies. The overall goal of the CTEA is to insure that once
a new hardware system is fielded, it can be operated and maintained
effectively by soldiers in the field.

It is imperative that the users be kept in mind while the hardware system
is being designed and developed so that efficient and effective systems do not
become relatively ineffective because soldiers can not use themi to full
advantage.. Given the current military manpower situation and increasirng
hardware complexity, it is unwise to develop hardware under the assumption
that sufficient users with the necessary characteristics to adequately adapt
to the hardware needs wij 1 be available. The situation dictates that
potential users be considered from system conception, and furthermore that the
intended users' needs and capabilities be defined as clearly as ppssible.
When hardware developers make use of such information, the risks of ending up
with hardware of limited efficacy are reduced.

In addition to soldier-hardware interface problems, the rTEA is also
concerned with how the users can be most effectively trair,ed. Assuming the
hardware is designed with user capabilities in mind, there is still the
problem of how to train soldiers to proficiency in the most cost efficient
manner. The CTEA examines variable costs, as well as variable effectiveness,
to arrive at the mix providing the most effectiveness for the cost.

In sovmary, the CTEA insures that soldier capabilities are considered
along with sombat development factors when hardware is in the developmental
phase. Because of the very nature of these types of studies, CTEAs force
developers and trainers to deal with very difficult training issues before the
system is deployed.

This paper reports the results of applying this philosophy to one
particular developing hardware system. The basic methodology is discussea as
well as selected study results in summary form. The CTEA was a complex three
part study conducted by a multidisciplinary team. Emphasis will be on the air
defense proficiency measures, and the development of sElection criteria for
PATRIOT operators.
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PATRIOT AIR DEFENSE MISSILE SYSTEM CTEA

The US Army is developing the PATRIOT missile system to enha;ace airI defense capability against a 1980-1990 threat characterized by defense
suppression tactics using saturation, maneuver, and electronic

countermeasures.

The CTEA was conducted in three separate parts:

Oprational Test (OT) II Training Subsystem Analytis

0 Training Subsystem Equipment Alternative Analysis

0 MISSILE MINDER AN/TSQ-73 Analysis

This paper will present a portion of the first and thi,-d parts of the CTEA.
From the first part, the determination of soldier prof!ciency ard measurement
problems encountered will be discussed. From the last part of the CfEA, the
problem of developing selection criteria for PATRIOT operators will be
covered. Those interisted in m~ore detailed methodology and results arereferred to the CTEA.

The CTEA was conducted during the full scale engineering development and
Development Test (DT)/Operational Test (OT) II phases of the PATRIOT material
acquisition cycle so that training development processes could be measured and
shortfalls rectified parallel to and in coordination with combat development
processes.

TRAINING PROFICIENCY ASSESSMENT

One of the primary purposes of this study was to determine the
effectiveness of collective training. Table 1 shows the type of proficiency
measures used in the evaluation. Both hands-on and written tests were used to
measure different aspects of proficiency. Due to space limitations, only the
operator hands-on test, the Air Defense Mission (ADM), will be discussed here.

The purpose of the ADM test was to determine soldier proficiency in using
the PATRIOT system for air defense. The study question was: Is actual
effectiveness (EA) equal to design effectiveness (ED)?

1The PATRIOT CTEA (8-80, ACN 56244, April 1980, and August 1980) was published
in four volumes by TRADOC Systems Analysis Activity (TRASANA), White Sands
Missile Range, New Mexico 88002. Distribution of the report is limited.
Requests for the report should be made to HQ, US Army Training and Doctrine
Comnand, ATTN: ATTNG-AE-A, Fort Monroe, VA 23651.
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TABLE 1. COLLECTIVE TRAINING PROFICIENCY ASSESSMENT

PATRIOT PROFICIENCY DATA

o HANDS-ON TESTS

00 OPERATOR (ADM)

90 MAINTAINER

00 MARCH ORDER, INITIALIZATION, EMPLACEMENT

0 WRITTEN SKILLS/KNOWLEDGE TESTS

00 OPERATOR

°t MAINTAINER

$K

Procedure

Soldier proficiency in operating the PATRIOT in an air defense situation
was assessed with the Engagement Control Station (ECS) Troop Proficiency
Trainer (TPT). The TPT is'built'into the ECS, and provides for the
introduction of simulated air activity with specially designed cassette tapes.
Each soldier was tested individually. The test scenario was a simulated 10
minute air raid based on a North Atlantic Treaty Organization (NATO) approved
threat for the 1980-1990 time frame. Players received a group orientation
b: iefing before the test. At this briefing they were provided with an
instruction sheet for their use during the actual test. The instruction sheet
was discussed in detail and all questions were answered. The test was

} identical for all players. During the actual test the player was observed by
an experienced instructor who recorded observations on a prepared checklist.
No verbal interaction between players and evaluator was allowed.

ED Determination

ED was determined by presenting the PATRIOT with the test scenario while
operating in the automatic mode. This provided an accurate assessment of
system capability in the specific situation being tested. For the purpose of
analysis, system performance was set equal to 1.0, so comparisons could be
reported in an unclassified form.
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EA Determination

The TPT provides a score at the end of each tes;. This score was
originally designated EA,

EA vs ED

The evaluation strategy was to determine E , and then make a direct
comparison with soldier performance to see if te two were relatively
equivalent. After the test scenario was defined, ED was determined without
difficulty. As a test validation measure, an experienced instructor who wais
familiar with the PATRIOT but not with the test scenario took the ADM test.
The instructor's score was identical to the ED score. In other words, EA = ED
in this case.

Several problems were encountered with EA. The TPT score represents tne
percent of assets successfully defended. For example, a score of 70 means
that 70 percent of the defended assets were successfully protected. Table 2
shows the PATRIOT player scores on the pre-OT II ADM test. Nineteen of the 32
(59%) players received a perfect score, indicating that they had successfully
defended all of their assets during the test. Only one player had more than
30 percent of his assets damaged. This indicates that the players were
proficient, and therefore well trained.

TABLE 2

PRE-OT II ADM TEST SCORES

TPT SCORE NUMBER OF PLAYERS

100 19

94 1

88 1

70 10

0

32
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Unfortunately, a closer look at individual player performances revealed
that the TPT score did not accurately reflect player performance. The two
following actual cases illustrate the problem:

PLAYER MISSILES LAUNCHED KILLS MISSES TPT SCORE

X 11 9 2 100

Y 32 26 6 100

Obviously these two players did not perform equally on the test, yet they both
received a score of 100, indicating all assets were successfully defended. A
target per target comparison with the benchmark (ED) revealed that player X
was far from successful in defending his assigned assets.

There are four criteria often used in evaluating air defense system
effectiveness. One is amount of damage to defended assets. The other three
are:

Damage to the air defense system

° Missiles expended

0 Enemy aircraft losses

An indepth examination of these three remaining criteria revealed that
they posed difficulties as well.

The PATRIOT system continuously evaluates all aircraft in its operating
zone and evaluates them for threat according to Army tactical doctrine. When
operating in the automatic mode, the PATRIOT prioritizes hostiles and
automatically engages those determined to be highly threatening to the
defended assets. The highest priority threats are engaged first, and
engagements are made at a time calculated to maximize kill efficiency and
minimize asset damage.

Those targets the PATRIOT identified as highly threatening and engaged in
the automatic mode were identified, and used to evaluate player performance.
It was found that total engagements was not meaningful, because players
engaged targets that were not priority engagement targets. The EA score was
derived by dividing the number of priority engagements a player made by the
number made in the automatic mode. The EA score is therefore a ratio
expressing the proportion of possible high priority engagements each player
made.
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Figure 1 shows the results of the ADM test at the pre-OT II and post-OT
II administrations. The ED line at the top of the figure shows the
performance of the PATRIOT system on the test scenario while operating in the
automatic mode. The distance between the top of each bar and the ED line
reflects the difference in performance when the system is operating in the
automatic mode (ED) and when operated by soldiers in the semi-automatic mode
(EA). This difference between EA and ED for each crew was tested
statistically (Chi-square) and found tp be highly significant for both the
pre- and post-OT II scores (p < .001).2

In both ADM tests, the typical or average player engaged approximately
half of the hostile targets highly threatening to defended assets. Analysis
of player actions during the test revealed several training inadequacies which
contributed to the relatively poor player performance. Several procedural
errors were made, and the soldiers had not yet learned how to use efficiently
the highly sophisticated PATRIOT capabilities. There was no substantial
improvement in proficiency from the first to the second test, as can be seen
from the overall mean scores of .48 and .49. 3

ADM Summary

All crews and all individuals except one on the post-OT II test scored
significantly below ED. Several training inadequacies surfaced from the test
analysis.

ADMi Evaluation Problems

Attempting training evaluation of systems in the developmental cycle
poses many problems. One of the most difficult problems was gaining access to
the hardware. Since the hardware was being used for training and testing, and
also being modified as a result of developmental test findings, there was not
enough to "go around".

Another difficulty was determining how to meaningfully score the ADM
test. The TPT score was used during training to evaluate soldier proficiency.
Contractor representatives recommended using the score because it hat been
used in training to evaluate soldier proficiency. Use of the score could have
resulted in saying the training was adequate when it was not. A recurring
problem in CTEA studies is finding meaningful ways to evaluate soldier
proficiency.

2Extensive statistical analysis of these data is reported in the CTEA report.
Since the purpose of this paper is to illustrate the application of
methodology, detailed results are not included.

3This result may not be ixinediately obvious from Figure 1; however, extensive
statistical analysis for both crew and individual scores clearly showed no
change in overall performance on the second test.
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One of the most important questions to be answered in any CTEA is whether
The intenued user's sol.ers can be trained to operate the hardware
effectively. This question presents a unique problem, since soldiers
available during OT II may not be "typical". The soldiers who were PATRIOT OT
II players were definitely high quality troops. The fact that select troops
achieve proficiency cannot be construed to mean that the typical user will
also achieve proficiency from the same training.

PATRIOT Operator Selection Criteria

An inherent part of a CTEA is determination of soldier capability to
perform the task: required by the hardware. Implicit in this problem. is the
question of what qualifications soldiers need to have the required capability.
Since the PATRIOT players were not found to be proficient, the problem in this
study was to find soldiers who were currently performing similiar tasks in the
field. An analysis of the capabilities of soldiers successfully performing
similar tasks would provide needed insight into the selection problem.

The MISSILE MINDER (AN/TSQ-73) system currently fielded in Europe has
characteristically similar console operations, and thus was selected for
study. Records from five classes of students attending the AN/TSQ-73 training
course (MOS 25L10) at the US Army Air Defense School (USAADS) were obtained.
Data were also collected from the 25L soldiers in Europe.

When the data from USAADS were received, it was noted that approximately
40 percent of the students attending the school failed to graduate.

t Discriminant aralysis was used to determine if the attrition rate could be
susbstantially reduced by using different course selection criteria. 4  The
analysis revealed that the combination of two different Armed Services
Vocational Aptitude Battery (ASVAB) composite scores provided a potential for
reducing course attrition. The selection criteria recommended for testing
wer e:

High school diploma or GED

O Mechanical Mantenance (MM) score over 100

40 0 Skilled Technical (ST) score of 100 or higher

Analysis indicated that if these criteria had been applied to the five classes
studied, the 40 percent attrition rite would have been reduced to 16 percent.

4Selection criteria in effect for thp coorse were: high school diploma or C:),
ASVAB Electronics (EL) score of 90, and a tlerical (CL) s:ore of 90.
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A comparison of MOS 25L course graduates and PATRIOT operators revealed
no difference in aptitude test scores. The PATRIOT players were older, more
experienced, and had a higher educational level than the course qraduates. It

was concluded chat the MOS 25L course graduates have the same capability as
the PATRIOT players based on the aptitude scores. Giveh additional years
experience, there is no reason to believe the other differences will nt
disappear as well.

The next question was job proficiency of the MOS 25L soldiers.
Supe',isor ratings of the soldiers indicated that they were proficient. Task
analysis information alsorevealed that the soldiers had a high level of
confidence in their ability to perform MISSILE MINDER tasks which had been
determined to be similar to PATRIOT tasks.

At this point, several pertinent study findings were synthesized to
derive tentative selection criteria for PATRIOT operators. These findings
were:

0 PATRIOT operators were not proficient

Lack of proficiency was due to training inadequacies

" AN/TSQ-73 soldiers were proficient

" AN/TSQ-73 soldiers and PATRIOT players were not different in aptitude
~scores

0 MOS 25L10 course selection criteria can be improved

The best tentative selection criteria for the PATRIOT operator course was thus

determined to be the same as the improved MOS 25L10 course selection criteria:

o High school graduate or GED

0 MM score of over 100
f,

0 ST score of 100 or higher

CTEA Impact 

A

The PATRIOT CTEA concluded that soldiers can be trained to operate the
system, contained recommendations for rectifying training inadequacies, and
presented insights for PATRIOT personnel selection and training. One specific
impact from the study was review of the training planned for the initial
two PATRIOT battalions. Other recommendations were made dealing with aspects
of the study not discussed in this paper.
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STATE OF THE ART

CTEA methodology is curr in'cly in an evolutionary-phase. There are still
many problems to be solved. The methodology will be further refined with each
study. Based on experience with studies to date, the following original
assumptions are now co-,sidered to be closer to facts than assumptions:

0 It's possible to determine/predict how effective a piece of equipment

is/will be in the hands of the troops (EA)

" It's possible to determine how effective the same piece of equipment

ought to be (ED)

o It's possible to expldin differences in the above and to rectify

unsatisfactory ones

It is anticipatea that with furcher studies and refined methodology, the
problems currently experienced in trying to determine EA and ED will be
reduced.

SUMMARY

A CTEA is a systematic empirical study performed on developing hardware
systems to insure that user needs and capabilities are consiclered along with
combat development factors. The PATRIOT Air Defense Missile System CTEA was
used to illustrate the application of this i.ethodology, and possible benefits
to be derived from CTEAs.
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GILBERT, Arthur C.F. Ph.I;., U.S. Army Research Institute for the
Behavioral and Social Sciences, Alexandria, Virginia.

CHARACTERISTICS OF HIGH ACHIEVERS IN ARMY OFFICER BASIC COURSES

(Thu A.M.)

A sample of Army officers who attended Officer Basic Courses (OBO)

was divided into two groups on the basis of course achieveaent. One

group consisted of those officers who performed better than predicted

on the basis of aptitude measures predictive of performance in these

courses, the other group consisted of those officers who performed

lower than was predicted on the basis of their aptitude. The two

groups of officers were compared on the basis of motivational measures,

peer ratings, and on performance measures in subsequent early duty

assignments. The results and implications of these results for future
res-arch are discussed.
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Characteristics of High Achievers in Officer Basic Courses

Arthur C. F. Gilbert, Ph.D.

US Army Research Institute for the Behavioral and Social Sciences1

Alexandria, Virginia 22333

Earlier research indicated the predictive utility of the Officer Evaluation
N1A Battery (OEB) in py.dicting final course grades in Officer Basic Courses

(Gilbert, 1978). Resulting from this research a group of officers were iden-
tified as receiving final course grades higher than would be predicted on the
basis of aptitude as reflected . scores on the cognitive subtests of the
Officer Evaluation Battery. Obviously, this group of officers can be viewed as
doing well in their first post-commissioning Army Experience. A basic issue
is if this type of performance continues to be exhibited in early duty assign-
ments. Another question of merit is if t1'jse officers differed on measures of
interest related to the Army from their contempories and that their performance
in Officer Basic Course was enhanced by this factor. Still yet another question
of significance is how these officers who were high performers were viewed by
their contempories while in the Officer Basic Course.

The first objectives of this research was to compare the performance of
those officers who received Officer Basic Course final grades higher than pre-
dicted on the basis of aptitude with that of their Officer Basic Course con-
tempories in early duty assignments. The second objective was to compare
these two groups of officers on interest measures purportedly related to suc-
cess as an Army officer. A third objective was to determine if those two
groups of officers would receive different ratings from their associates.

Procedure

A sample of 1,048 officers who had data on all of the pertinent Officer
Evaluation Battery scales and for whom Officer Basic Course (OBC) final
course grades were used as subjects. The aptitude measures consisted of the
cognitive scales of the Officer Evaluation Battery (OEB); these are the
Combat Leadership (Cognitive), Technical-Managerial (Non-Cognitive), and the
Career Potential (Cognitive) scales. The composition of these scales and
their predictive utility has been described in a previous paper (Gilbert, 1978).

The regression equation for predicting final Officer Basic Course grades
from the three cognitive scale scores was computed. The regression weights
were then applied to the three scale scores to determine a predicted OBC final
course grade. Next, a comparison was made between the predicted OBC final
course grade and the actual final course grade. Subjects were then classified
into two groups on the basis of this comparison. When the obtained OBC final

iThe views expressed in this paper are those of the author and do not
necessarily reflect the view of the US Army Research Institute or the
Department of the Army.
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course grade was greater than the predicted final course grade, subjects were
*classified as higher achievers. On the other hand, when the obtained final

course grade was less than the predicted course grade subjects were classified
into a second group or "other" group. By use of this me.-hod 539 officers were
classified as being in the high achievers group, while 0q officers were classi-
fied in the "other" group.

Analyses were performed by use )f t-tests to determine if statistically
signifiant differences existed among the two groups on the measures of duty
performance. These measures were ratings obtained on a rating scale, the Per-
formance Evaluation Form, which is described by Gilbert and Grafton (1978).
Another series of analyses using t-tests were performed using the non-cognitive
scales of the Officer Evaluation Battery and peer ratings as the criterion.
These OEB scales are the Combat Leadership (Non-Cognitive), Technical-Managerial
(Non-Cognitive), Career Composite (Non-Cognitive), and Career Intent scales.
In addition, an analysis was performed to determine if there was a statistically
significant difference between the two groups of officers on the final peer
ratings that they received in the Officer Basic Courses. For the purposes of
this research, all measures used were first converted to Army Standard Scores.

Results and Discussion

The means of the two groups of officers on the duty performance measures
are shown in Table 1. Statistically significant differences were found to
exist between the two groups on each of the measures at the .01 level. Ln
each instaace, the group of officers who achieved better han predicted final
course grades in the Officer Basic Course had a higher group mean than did the
other group of officers.

The average scores for the two groups of officers on the non-cognitive
scales of the Officer Evaluation Battery are shown in Tabh" 2. Statistically
significant differences (.01 level) were found to exist between the two groups
of officers on the Combat Leadership (Non-Cognitive) sca 'e and on the Career
Intent Scale. The group of officers who achieved higher than predicted Officer
Basic Course final grades had the higher group mean on these two scales. There
were not any statistically significant differences between the two groups on
the other non-cognitive scales of the OEB. A significant difference was also
found to exist between means of the two groups of officers on the f'nal peer
ratings received in the Officer Basic Course. The mean final course peer
rating for those officers who received final course grades that were greater
than predicted was highest.

The results of this exploratory research clearly indicate that officers
whi receive Officer Basic Course final course grades greater than predicted
on the basis of aptitude receive significantly higher ratings on measures of
performance during the early part of their active duty tour. Their average
overall performance is greater than for other officers as reflected in the
overall Duty Performance scale of the Performance Evaluation Form and Officer
Efficiency Report scores. On specific dimensions of officer performance as
measured by the Performance Evaluation Form, they also received higher ratings.

GI-l-2
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Table I

Performance Measures

MeanL
High Achievers Others

Variables (N-539) (N-509)

W Duty Performa_,ce_ Measures

Total Dur> Performance §Ijz.30 97.57**

Com.bat Leadership 102.17 97.70**

Tecalc.l Hanagerial

I -.aderseh. i0 ., 22 97.65**

T t- 1C..Al Knowledge .-..22 97.65**

Uaderstand.: g 1%s, ion 10Z.15 97.70**

Maki:.;g De:-isins 102.82 !.' .02**

Defining Subordinaze
Roles 101.79 98.07**

Planniug & OrganLziu, 132.21 97.68*

Motivating Troops 101.54 98.34*

Logistical Knowledge 102.24 97.63**

OER f'cores

First Year 101.49 88,72**

Second Year 102.53 97.32**

T ire Year 102.04 97.84**

T hree-year Average 1.02.49 97.36**

*Indicates a significant difference between groups at the .05 level

**Indicates a significant difference between groups at the .01 level.

GI-1l-3



Table 2

Non-Cognitive Measures and Peer Ratings

Mean
High Achievers Others

Variables (N-539) (N-509)

Non-cognitive Measures:

Tc - c, 110.91,iv .4.

Technical Managerial
Leadership 105.29 103.33

Career Potential 108.15 105.92

Career Intent 117.45 113.74**

Peer Ratings 105.09 94.62**

*Indicates a statistically significant difference at the .05 level

**Indicates a statistically significant difference between groups at the
.05 level
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Officers who receive Officer Basic Course final course grades better than V
expected on the basis of aptitude scores, displayed a greater interest in becom-
ing an Army officer as reflected in the Career Intent subtest of Officer Evalu-
uation Battery. These officers also displayed interest in those activities re-
lated to success as a combat leader as measured by the Combat Leadership (Non-
Cognitive) scale of the Officer Evaluation Battery. It coul4 be postulated
that these interests contributed to higher performance in the Officcr Basic
Course And subsequent assignments. In the Officer Basic Course, the officers
who achieved well were viewed as having greater leadership potential by their
classmates as is indicated by the peer ratings received at the end of the
course.

Future research will be aimed at replicating the results of this inveet-
igation in other samples of Officer Basic Course graduates. Also, the per-
formance of this sample will be evaluated to determine if the differences
reported here will continue to pArA1st over a longer period of time.
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GILBERT, Arthur C.F. Ph.D., U.S. Army Research Institute for the
Behavioral and Social Sciences, Alexandria, Virginia.

COLLEGE MAJOR AND ARMY OFFICER PERFORMANCE (Wed P.M.)

The purpose of this research was to determine the influence of
the major field of study pursued in college on subsequent Army officer
performance, A sample of officers who attended Officer Basic
Courses (OBC) in the same year was divided on the basis of their
college major and these groups were compared on several psychometric

Sand performance measures. Analyses were performed separately for the
three different groupings of the 13 Career Branches in the U.S. Army

(i.e., Combat Arms., Combat Support, and Service Support) and the

performance of officers within these three groups was assessed in
terms of differential academic background. The r-sults of these
analyses are presented and the implications for assignment strategies
are discussed. 4
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College Major and Army Officer Performance

Arthur C. F. Gilbert, Ph.D.

I1
US Army Research Institute for the Behavioral and Social Sciences

Alexandria, Virginia 22333

The consideration of undergraduate academic preparation in the branch
assignment of Army officers raises the question of the contribution such
preparation makes to successful performance. In certain assignments of
officers such a consideration is obvious. For example, an engineering degree
would probably be the ideal preparation for assignment to the Corps of
Engineers. The answer is not so obvious in what constitutes the prerequisite
civilian educaLion for assignment to the Infantry Branch or to the Armor
Branch. Insofar as civilian academic education influences duty performance,
then this preparati.,. gilL bu a factor in the assignment process to the de-
gree that is possibi witha L'e constraints of the assignment system.

The purpose uf t:his research was to explore the possible influence of
college preparation on officer performance. An initial effort (Gilbert, 1978)
indicated that differences in duty performance do exist among officers who
pursue different fields of study in the Field Artillery Branch. The specfic
objective of this research was to determine if these results would occur Army-
wide and if the findings would differ in the three major groupings of the Army
career branches, Combat Arms, Combat Support, and Combat Service Support.

Procedure

Measures of aptitude and performance were obtained on a samp e of officers
in Officer Basic Courses (OBC) and duty performance measures after approxi-
mately ine year of acLive duty. The measures of aptitude and performance col-
lected at the Officer Basic Courses (OBC) are shown in Table 1. The aptitude
measures consisted of the seven scales of the Officer Evaluation Battery (OEB)
and the three composite scales shown in the table. Peer ratings were obtained
at the middle and the end of the course and final course grades were collected.

The other duty performancc measures used in this research are shown in
I Table 2. One of these measures consisted of a specially constructed Perfor-

mance Evaluation Form (Gilbert, 1975) which reflects the dimensions derived
from the research reported by Helme, Willemin and Grafton (1971), Stogdiil
(1974), and Willemin (1965). This Performance Evaluation Form was completed
by the immediate supervisor of each officer, a superior officer other than his
immediate supervisor, and by two close associates. These four ratings were
then averaged for each scale of the instrument. In addition, the Officer Ef-
ficiency Report scores were obtained for each of the first three years of ac-
tive duty.

iThe views expressed in this paper are those of the author and do not
necessarily reflect the view of the US Army Research Institute or the
Department of the Ary.
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For the first analysis of the data, subjects were dividee into five
groups of college majors for the total sample. These groups were Business,
Humanities, Engineering, Physical Science, and Social Science. Analysis of
variance was used to evaluate the differences among the five groups on each of
the aptitude and performance measures.

For the next set of analyses, subjects were divided on the basis of mem-
bership in the three types of career branches: Combat Arms, Combat Support,
and Combat Service Support. Within each group of career branches, subjects
were classified on the basis of the five kinds of college majors. Analysis
of variance was used within each group of branches to explore the differences
among college major groups on the different measurns.

Results and Discussion

The means of the five groups of college majors on the Officer Evaluation
Battery are shown in Table 1 for the total sample. Significant differences
were obtained for all of the seven scales and for the three composite scales.
The Engineering and Physical Science groups have higher group means on these
measures. A significant difference did not exist on mid-course peer ratings
in the OBC's but there was a difference on the final peer ratings. Again,
a significant difference was found among the groups on the final course grade.

The overall duty performance scale of the Performance Evaluation did not
reveal any difference among groups for the total sample shown in Table 2 but
a highly significant (.01 level) difference among the groups did exist among
the groups on four of the other nine dimensions. Differences among the means
on the Officer Efficiency Report scores were significant at the .05 level with
the exception of the 1976 Annual OER score where the means of five groups were
significantly different at the .01 level.

The Tables 3 and 4 the results of the aualyses within the Combat Arms
Branches are shown. The differences among groups shown in Table 3 on the OEB
scales were all significant (.01 level) but there was not a significant dif-
ference on the other OBC measures (i.e. mid-course and final peer ratings and

final course grade). Differences among groups were found only on the decision
making scale of the Performance Evaluation Form and this was only significant
at the .05 level. Again, there were differences among the groups on the
Officer Efficiency Report scores as shown.

In the Combat Support branches differences were found among the groups on
all of the OEB scales and on all of the OBC performance measures as shown in
Table 5. For these branches, significant differences were obtained on four of
the Performance Evaluation Form scales as shown in Table 6 but there was not
any differences among the groups on the Officer Efficiency Report criteria.

The analyses within the Combat Service Support Branches yielded differ-
enzes among the five groups on all of the OEB scales and on the OBC perfor-
mance measures as shown in Table 7. Only the Combat Leadership scale of the
Performance Evaluation Form yielded a significant difference among the fivegroups and there were not any differences on the OER scores (Table 8).
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Table I

Means for the Five Groups of College Majors on the
Officer Evaluation Battery and on Officer Basic

Course Measures for the Total Sample

MEAN
Business Humanities Engineering Physical Social

Variable Sciences Studies
(N=726) (1,=292) (N=388) (N=1,379) (N=1,436)

Combat Leadership
Composite 102.78 97.19 112.59 112.79 102.99**
Cognitive 99.35 95.91 107.95 111.25 99.41**
Non-cognitive 105.16 99.54 112.28 109.29 !15.44**

Technical/Managerial
Composite 98.12 100.99 118.50 115.84 99.12**
Cognitive 97.56 103.38 117.04 117.38 101.07**
Non-cognitive 99.51 98.25 111.92 111.45 97.55**

Career Potential
Composite 93.97 99.59 113.73 110.31 100.92*
Cognitive 98.33 96.98 116.12 107.06 96.38**
Non-cognitive 92.24 102.43 105.45 109.12 105.08

Career Intent 114.73 116.24 111.56 112.43 117.26**

Leadership Peer Rating
Mid Course 101.02 97.23 100.56 100.66 99.24
Final 100.80 97.18 102.36 100.20 99.32**

Final OBC Grade 99.51 99.06 106.93 100.54 98.00**

*Indicates a significant difference arong groups at the .05 level.

**Indicates a significant difference among groups at the .01 level.
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Table 2

Means of the Five Groups of College Majors on Measures
of Duty Performance for the Total Sample

MEAN
Business Humanities Engineering Physical Social

Variable Sciences Studies

(N=726) (N=292) (N=386) (N=1,379) (N=1,4367)

Duty Performance 101.82 99.02 99.89 100.78 98.28

Combat Leadership 98.74 93.07 98.35 104.20 97.13*1

Technical/Managerial
Leadership 102.90 98.58 102.21 100.30 97.80*P4

Tactical Knowledge 97.74 92.72 98.34 104.56 97.26*'

Understanding Mission 102.11 98.38 99.58 100.83 98.28*

Making Decisions 101.24 96.48 98.53 101.99 97.95*1

Defining Subordinate
Roles 101.85 100.12 98.87 100.59 98.57

Planning and
Organizing 102.31 99.20 100.98 100.00 98.70

Motivating Troops 102.10 98.31 98.06 100.51 99.16

Logistical Knowledge 102.60 94.06 102.39 100.50 98.49*

Annual OER Scores
1974 101.17 100.05 97.18 101.38 98.88*
1975 99.94 97.81 98.42 101.37 99.55*
1976 100.34 99.55 99.89 101.83 98.22*

Weighted OER Scores 100.57 100.05 99.98 101.13 98.63*t

*Indicates a significant difference among groups at the .05 level.

**Indicates a significant difference among groups at the .01 level.

GI-2-4i*iJ



Tab:Le

Means of the Five Groups of Col]egcr Majors on the
Officer Evaluation Battery and ou

Officer Basic Measures for the Combat Army Branches

MEAN
Business Humanities Engineering Physical Social

Variables Sciences Studies
(N=380) (!1=113) (6-111) (N=986) (N-763)

Combat Leadership
Composite 108.90 108.46 115.74 114.29 110.81**

Cognitive 102.60 102.84 1b7.62 112.45 105 .13*

Non-Cognitive 111.69 110.70 17.62 110, 50 112.23**

*, [ T echnical/Managerial
Composite 100.76 103.89 119.78 115.98 I01.21"*

Cognitive 98.81 103.35 117.30 117.81 122*
Non-cognitive 102.40 102.87 112.76 107.24 99.64**

Career Potential
Composite 98.41 105.43 115.76 111.40 105.87**

Cognitive 99.35 100.00 113.69 106.59 98.94**
Non-cognitive 98.19 108.62 111.06 111.31 i10.27**

Career Intent 118.79 118.94 115.18 112.80 Ul9.57"*

Leadership Peer Rating
Mid-course 98.82 99.76 101.23 99.99 100.36
Final 100.34 99.63 101.13 99.98 99.76

OBC Final Grade 102.32 100.67 106.37 99.84 101.552

*Indicates a significant difference among groups at the .05 level.

**Indicates a significant difference among groups at the .01 level.
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Table 4

Means of the Five Groups of College Majors on Duty Performance
Measures for the Combat Arms Branches

MEAN
Business Humanities Engineering Physical Social

Variables Sciences Studies
(N-380) (N-113) (N-Ill) (N-986) (N-763)

Duty Performance 102.80 96.97 101.43 99.92 99.23

Combat Leadership 100.96 95.88 96.89 101.35 98.29

Technical/Managerial
Leadership 103.83 96.01 100.45 99.97 98.94

Tactical Knowledge 99.22 96.04 97.84 101.50 98.63
i U nderstanding

Mission 103.57 96.30 101.63 100.08 98.66

Making Decisions 103.37 94.46 101.36 100.32 98.67*

D efining Subordinate
Roles 99.84 102.57 102.01 100.08 98.50

Planning and
Organizing 100.33 96.77 101.55 99.63 99.50

Motivating Troops 103.56 98.93 99.90 99.50 99.50

Logistical Knowledge 103.91 97.40 99.27 99.71 99.30

Arnual OER Scores
1974 101.06 100.37 98.01 101.24 98.09*
1975 100.40 93.59 99.48 101.51 98.84**
1976 100.71 98.30 100.66 101.60 97.76**

Weighted OER Scores 101.25 98.13 99.27 101.46 97.88**

*Indicates a significant difference among groups at the .05 level.

**Indicates a significant difference among groups at the .01 level.
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Table 5

Means of the Five Groups of College Majors on the Officer Evaluations

MBattery and on Officer Basic Course Measures

F for the Combat Support Branches

MEAN

Business Humanities Engineering Physical Social

Variables Sciences Studies
(N=111) (N=97) (N=230) (N=273) (N=375)

Combat Leadership
Composite 103.41 95.12 112.27 109.73 98.81*

Cognitive -9.8 93.85 10"8. 02.31x
Non-cognitive 105.71 98.31 111.71 107.05 101.86**

S T echnical/Managerial
Leadership

Composite 102.03 99.71 118.29 118.32 98,04**

Cognitive 99.58 103.61 116.73 118.45 I-.4-

Non-cognitive 103.62 96.02 111.85 110.23 96.46** H

Career Potential
Composite 96.95 100.67 113.54 107.80 98.98**

Cognitive 101.21 96.79 117.02 10.25 94.J*w

Non-cognitive 93.99 104.36 104.28 104.97 103.82**

Career Intent 112.16 117.20 112.08 112.06 115.99**

Leadership Peer Rating
Mid-course 106.06 95.30 101.10 101.06 97.85**

Final 101.76 96.72 101.81 100.53 98.91

Final OBC Grade 94.52 97.71 107.71 102.08 95.40*

*Indicates a significant difference among groups at the .05 level.

**Indicates a significant difference among groups at the .01 level.
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Table 6

Mean of the Five Groups of College Majors on Duty

Performance Measures for the Combat Support Branches

_ _ _ MEAN
Business Humanities Engineering Physical Social

Variables Sciences Studies
(N=111) (N=97) (N--230) (N--273) (N=375)

Duty Performance 101.55 101.78 100.67 101.71 96.94

Combat Leadership 100.91 95.88 102.20 104.59 94.49*

Technical/Managerial4Leadership 100.48 99.59 103.81 102.55 95.41

Tactical Knowledge 102.31 96.23 102.01 104.25 94.63

Understanding
Mission 103.93 101.43 100.99 100.83 96.85

Making Decisions 1.00.81 100.13 99.19 103-37 96.89

D ef ining Subordinate
Roles 101.26 99.72 100.00 101.81 97.85

P lanning and
Organizing 100.91 99.32 101.31 101.60 97.45

Motivating Troops 103.28 100.04 100.02 101.34 97.51

Logistical Knowledge 101.55 93.56 103.08 102.19 96.87*

Annual OER Scores
1974 98.85 100.92 96.17 100.79 101.84
1975 99.91 101.41 97.67 100.22 100.96
1976 99.71 l02.29 100.89 101.05 98.20

Weighted OER Scores 98.29 102.23 100.33 100-.51 99.35

*Indicates a significant difference among groups at the .05 level.

**IndicateS a significant difference among groups at the .01 level.
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Table 7

Means of the Five Groups of College Majors on the
Officer Evaluation Battery and on Officer Basic Course Measures

for the Combat Service Support Branches

MEAN
Business Humanities Engineering Physic. 1 Social

Variables Sciences Studies
(N-235) (N=82) (N=47) (N=120) (N=298)

Combat Leadership
Composite 92.59 84.10 106.70 107.52 88.25*w
Cognitive 93.87 88.81 108.40 107.49 88.7C,**
Non-cognitive 94.34 85.65 102.40 104.50 92.54**

T echnical/Managerial
Leadership
Composite 32.02 98.52 116.51 109.04 95.13**
Cognitive 94.58 103.15 117.98 111.42 98.84**
Non-cognitive 9.?.91 94.54 107.92 102.81 93.57**

Career Potential
Composite 65.38 90.27 109.87 107.09 90.70**
Cognitive 95.31 93.05 117.45 110.49 92.09**
Non-cognitive 81.79 91.62 97.92 100.61 93.37**

Career Intent 109.38 111.38 100.49 110.21 112.95*

Leadership Peer Rating
Mid-course 101.55 96.45 94.58 105.91 98.53**
Final 101.83 94.27 99.60 103.35 98.91*

Final OBC Grade 96.62 98.71 103.92 101.79 90.27** y

*Indicates a significant difference among groups at the .05 level.

*Indicates a significant difference among groups at the .01 level.
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Table 8

Mean of the Five Groups of College Majors on Duty
A Performance Measures for the Combat Service Support Branches

MEAN
Businesf Humanities Engineering Physical Social

'variables Sciences Studies
(N-235) (N-82) (N-47) (N-120) (N-298)

Duty Performance 101.27 100.20 98.66 102.29 97.84

Combat Leadership 101.82 93.86 97.66 105.45 98.23*

Technical/Managerial
Leadership 101.89 99.50 97.05 101.94 98.02

Tactical Knowledge 101.34 93.16 98.30 106.76 98.14*

Understanding
Hission 100.47 99.45 94.30 102.56 99.75

Making Decisions 101.01 93.30 97.98 104.14 97.98

D efining Subordinate
Roles 101.06 101.04 91.96 100.97 99.97

Planning and
Organizing 101.54 101.81 98.13 99.85 98.31

Motivating Iroops 101.19 97.75 91.45 101.04 101.08

Logistical Knowledge 101.77 92.05 102.65 104.66 98.17*

Annual OER Scores
1974 100.10 103.25 105.46 99.05 98.68
1975 100.46 100.95 98.28 98.17 100.33
1976 101.05 99.61 95.51 99.99 99.99

Weighted OR Scores 101.47 100.98 99.39 97.18 99.80

*Indicates a significant difference among groups at the .05 level.
**Indicates a significant difference among groups at the .01 level.
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in the total sample, those offIcers whc majored in engineering and Phy-
sical Scieuce were favored over the other groups on all of the scales of the
OEB with the exception of the Career Intent Scale on which they had the low-
est group means. Within the Combat Arms branches Engineering majors had a
higher group mean on all scales with the exception of the Career Intent scale.
For this analysis, the pattern of differences was not as clear cut as for the
total sample. Within the Combat Support branches, Engineering and Physical
Sciences majors were favored in terms of their group mean except for the
Career Intent Scale where those groups had the lowest means. Finally, within
the Combat Service Support these two groups were favored on all scales with
the exception of the Career Intent scale where the Physical Science mean was
third highest and the Engineering mean was fourth.

Business majors had the highest group mean on mid-course peer ratings
in the Combat Support Bra.,ches while within the Combat Service Support branch-
es the group mean for Physical Science majors was highest. For final course
peer ratings the mean for Engineering majors was highest for the analysis of
the total sample and the mean for Physical Science majors was highest in the
analysis of the Combat Service Support branches. As was mentioned earlier,
these were the only analyses yielding significant differences on the two types
of peer ratings (i.e., mid-course and final).

Engineering majors bad the htghest mean Officer Basic Course final grade
for the total sample. This group mean was also highest within the Combat
Support branches and the Combat Service Support branches where significant
differences were obtained.

Physical Science majors had he highest group mean on the Combat Leader-
ship scale for the total sample, in the Combat Support branches, and in the
Combat Service support branches. Business and Engineering majors had the
highest group mean on the'Te-hnical Managerial Scale in the Total sample which
was the only analysis on thac scale that yielded significant results. However,
even though those scales were meant to reflect the two major dimensions as
defined by the work of Helme, Willemin and Grafton (1971), it should be noted
that there are not any differences among the five groups of college majors in
the total sample or within type of career branch on the overall rating of duty
performance. It -s interesting to note that only within the Combat Arms -
branches, in addition tz the total sataple, were differences found among groups
on the Officer Efficiency Report scores.

The results indicate varying differences among the groups of college
majors within the different kinds of branches, Combat Arms, Combat Support,
and Combat Service Support in terms of duty performance. There are also dif-
ferences among the groups on the basis of aptitude as measured by the Officer
Evaluation Battery (OEB) and on interest in seeking a career as an Army
officer as measured by the same instruvent. The differences in aptitude and
in interests will be taken into account in fuiure research on the effect of

college preparation on performance.

CI-2-11
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GOLDMAN, Lawerence A. Ph.D., and WORSTINE, Darrell A., US Army Military
Personnel Center, Alexandria, Virginia.

WHY SOLDIERS ENLIST, .REENLIST AND SEPARATE (Mon P.M.)

An analysis was made of the relative importance of reasons whypersonnel joined the U.S. Army (concentrating on those items which may
have influenced their actual enlistment decision) and the relationship
of these reasons to their propensity to reenlist. This analysis
focused on soldiers with six years or less of active service.

The relationship between reenlistment intention and finalreenlist:ment decision was also ascertained. Having obtained a strong
positive relationship, the relative importance of reasons why soldiers
who definitely planned to reenlist decided to remain in the Army was
analyzed. A similar study was made of the reasons why soldiers who
definitely planned to separate (or retire) decided to leave the Army.
The best correlates and mathematical "predictors" of reealistment
intent were also determined. Tbis analysis of retencion included
personnel in all grades. V
The overall study was based on data collected Armywide during late 1977and early 1978 from a random sample of approximately 11,000 soldiers.
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WHY SOLDIERS ENLIST, REENLIST AND SEPARATE

OVERVIEW OF THE FINAL PHASE OF THE JOB SATISFACTION AND RETENTION PROJECT

Background. The US Army Military Personnel Center's (MILPERCEN) job satisfac-
tion and retention project was previously described at the 19th annual con-
ference of the MTA held in San Antonio, Texas in 1977 and at the 20th annual
conference held in Oklahoma City, Oklahoma in 1978. The intent of today's
presentation is to summarize the results from the third and final phase of
this project. First, it examines the relative importance of reasons why sol-
diers enlist and the relationship of these reasons to their propensity to
reenlist. Second, it examines the relationship between reenlistment intention
and final reenlistment decision and covers the relative importance of reasons
influencing reenlistment and separation/retirement decisions. The best cor-
relates and mathematical predictors of reenlistment intent are also described.

Sample Composition. The above analyses were based on attitudinal data collected
Armywide from a random sample of 10,877 soldiers in late 1977 and early 1978.
Reliability checks of the sample composition uncovered a number of minor biases.
Therefore, the data was weighted to reduce potential problems attributed to over/
under representation by paygrade, sex and educational level. In examining
reenlistment/separation reasons, career-force personnel were subdivided into
two subsamples. Junior careerists were in paygrade E-6 or below, who had reen-
listed once or twice, and generally had ten years or less of service. Senior
careerists were in paygrade E-6 and above, who had reenlisted at least twice,
and had more than ten years of service.

Methodology. With respect to enlistment, soldiers (excluding former draftees)
were asked to rate 37 items in terms cf importance to enlistment using an 8-
point scale ranging from "DOES NOT APPLY" (equivalent to "UNIMPORTANT") to
"EXTREMELY IMPORTANT". With respect to reenlistment, soldiers wno had def-
initely decided to reenlist were asked to rate 36 items in terms of importance
to reenlistment using the same 8-point scale. Soldiers who definitely decided
to separate or retire at the end of their current enlistment or extension were
asked to rate 42 items in terms of their imporcance to separation or retire-
ment, again using this scale. With respect to the correlates and predictors
of reenlistment intent, prediction was based on use of a combination of forward
stepwise multiple linear regression and forward stepwise discriminant function
analysis. Those independent variables which were examined included the fol-
lowing:

(1) 119 job attitude/satisfaction items (based on the results of a pilot test
in early 1977 utilizing, to a large extent, the 348 item Occupational Attitude
Inventory developed by the US Air Force's Human Resources Laboratory)

(2) Demographic variables thought to influence attitudes toward reenlistment
(for example, age, hours worked per week, paygrade, and highest level of educa-
tion attained)

lThe views, opinions and/or findings contained in this report are those of the

authors and should not be construed as an official Department of the Army po-
sition, policy or decision, unless so designated by other official documenta-
tion.
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FINDINGS AND DISCUSSION.

Importance of Enlistment Reasons. There was general agreement between first-
termers and junior careerists with six years or less of service with respect
to the influence on enlistment of the 37 factors considered.

(1) Factors impacting on individual development were consistently noted
as having significantly contributed to enlistment decisions. All groups
rated the chance for new experiences, civilian educational opportunities
while in the Army, and the opportunity to learn a skill/trade for use in
civilian life among the top five enlistment reasons. It is important to
note that among personnel eligible for educational benefits under the GI
Bill, this item was considered to have been the most important enlistment

reason for all groups analyzed. On the other hand, those personnel who
enlisted subsequent to 31 December 1976 and were therefore eligible for the
Post-Vietnam Veterans' Educational Assistance Program (VEAP) considered this
program, as then structured, to have been one of the least important reasons
influencing their decision to enlist.

~(2) With the exception of those factors which applied primarily to per-

sonnel possessing specific skills, abilities or aptitudes (e.g., eLalistrient
options for Army Bands, Communications Command, Airborne, Combat Arms/Area

ofChoice) the following were generally considered to have been least impor-
rant to the enlistment decision for all groups:

(a) Army advertising
(b) Influence of friends, neighbors, or relatives with Army experience
(c) Family history of Army or other military service
(d) Friends joining or already in the Army
(e) Army recruiters

While the above factors were considered to have been relatively unimportant
to the actual enlistment decision, they were undoubtedly significant in the
chain of events which led to this decision. Data supporting these findings
are displayed in Table 1, page 5.

Relationship of Enlistment Reasons to Reenlistment Intent. The relationship
between the reasons soldiers enlist and their propensity to reenlist was
examined for first-termers overall and subgroups of first-term personnel
less likely to attrite. It was found that soldiers who rated enlistment
reasons associated with education/training opportunities and personal growth/
self-development high generally intended to separate after their initial
enlistment. Soldiers who rated Army advertising "extremely important" had
a relatively high propensity to reenlist.

Relationship of Reenlistment Intent to Actual Reenlistment Decision. The

relationship between the propensity to reenli.st and the actual reenlistment
decision was examined for those soldiers surveyed who had either reenlisted
or separated/retired as of month-end June 1979. Among those who indicated
that they planned to reenlist, 84.4 percent actually did so. For individuals
who expressed the desire to separate or retire, 82.6 percent left the Armv. It
was also hypothesized that the relationship of reenlistment intent to reen-
listment decision was stronger as the soldiers' Expiration of Term of Service

*
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(ETS) date approached. Each sample was segregated into these three subgroups
based on months until ETS: 6 months or less; 7-12 months; and 13-20 months.
It was found that the closer to ETS date, the more certain it was that reen-
listment intent corresponded to reenlistment decision. For example, 89

percent of all personnel within six months of ETS %ho definitely intended to
reenlist actually did so compared to 82 percent of all other individuals.
It was also found that first-termers (but not careerist3) deciding to sep-
arate made this commitment considerably earlier than those who decided to
remain in the Army. The mean number of months prior to ETS when first-termers
intending to leave the Army was 18.8 compared to 14.6 months prior to ETS
for first-termers who definitely intended to reenlist.

Importance of Reenlistment Reasons.

Considering only those soldiers who stated that they definitely planned to
reenlist, there was general agreement among all personnel that the reasons
which most influernced their decision to reenlist were asscciated with incen-
tives and benefits. These included the following:

• Promotion chances
Economic security

. The yearly pay adjustment to keep military pay comparable to civilian
pay

. Thirty days of paid leave a year
• Medical care provided them and their dependents by the Army
Dental care provided them by the Army

In addition, the ability to retire with 20 years of service was the most impor-
tant reason why career-force Personnel decided to reenlist. While first-
termers rated getting the reenlistment option they wanted as highly important,

this was not true for junior careerists and in fast was among the least impor-
tant reasons associated with senior careerists. This may be more a result of
opportunity among careerists f-r certain options (or options designed specif-
ically for these soldiers) than their possible utility as reenlistment motiva-

tors. Soldiers who decided to reenlist were also motivated to do so, in part,
because they were satisfied i.th their job and viewed serving the country
through their work as being important. Data reflecting these findings are
shown in Table 2, page 7.

Importance of Separation/Retirement Reasons. While there wAs general agreement
concerning factors influencing reenlistment, this was not the case with regard
to the separation/retirement decision. The data indicated that the most
important reasons in this regard for first-termers and, to a lesser extent,

junior careerists were associated with Arm life and interpersonal relationships.
However, senior careerists were more likely to leave the service due to issues
related to incentives and benefits. The most important factors comprising
Army life included the following:

* Amount of harassment (they encountered) in the Army
Living conditions (housing/barracks)
Unit Morale
Spouse's attitude toward their reenl.!sting

* Amount of extra duties
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With respect to interpersonal relationships, first-termers and junior career-
ists intending to separate rated the people for whom they work and with whom
they must associate as relacively important factors tied to their intent to
separate.

Other influential reasons, not associaced with Army life or interpersonal
relationships, included the desire to use their GI educational benefits and
the amount of "real work" (these soldiers believed) there is to do in the Army.

Senior careerists rated these incentives and benefits as important influences
affecting their decision to retire:

. Medical care provided them and their dependents

. Promotion chances (also important to junior careerists)

. Pay (base pay plus tax free allowances for subsistence and quarters)

. Dental care provided them and their dependents by the Army

In addition, the frequency of family separations due to Army assignments and
frequent overseas or isolated assignments were among the most imzrra 1: fiztors
impacting on the decision of senior careerists to retire. Data regardUng these
findings are shown in Table 3, page 9.

Correlates aiic )'ocLr- of Reenlistment Intent. Inasmuch as the relationship
between reerllstmeno: ii,tent and actual reenlistment decision was very strong,
there was a aeed to determ'ne those factors which were the best correlates and/
or would best predict attitudes toward reenlistment. Important correlates and/
or predictors for first-termers and careerists included:

How well Army life provides what they want
The feelings they get from wearing the Army unifcrm, including Uear.ig
it in the civilian community

• Self-respect they get from being in the Army
* The Importance of making a good record in the Army
. The number of months left in their current enlistme-n" or extension
. The interest they have in going to work each day
• Serving their country through Army service

Factors identified as significant correlates and/or predictors for subgruP
comprised only of married personnel included the following:

* Satisfaction with how their family regards their job
. How their job affects their behavior toward their family

. Their far.ily's regard for their job

. The effect Army life has had on the way they raised their children• The quality of social life available to a soldier's family

APPLICATIONS. Through the Army Occupational Survey Program (AOSP), data for use
in conducting job and training analyses are collected for the Military Occupa-
tional Specialties (MOSs) associated with enlisted force personnel. Abbreviated
lists of the job attitude/satisfaction items and reasons for reenlistment and

separation/retirement judged most important to analysis are now included in
the questionnaire booklets used in the AOSP. Thih will permit examination of
Job satisfaction and retention at the MOS level. In addition, a recommendation
has been made that the Army incorporate reenlistment intent statements as aids
to predicting losses by MUS.
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TABLE 1 - IMPORTANCE OF ENLISTMENT REASONS TO FIRST-TERME'S

OVERALL AND CAREERISTS WITH SIX YEARS OR LESS OF SERVICEi

CATEGORY/REASON FIRST-TERMERS JAREERISTS

MEAN RANKMA RANK

1. EDUCAtION/TRAINING 
OPPORTUNITIES

a. GI Educational Benefits
(Available. be2ore January
1977) a  5.88 1 5.67 1

b. To learn a skill/trade to use
in civilian life 5.22 3 5.17 5

c. Civilian educational opportu-
nities while in the Army 5.20 4 5.35 3

d. Post-Vietnam Veterans'
Educational Assistance
Program (VEAP) 3 .03a 32 N/A N/A

2. PERSONAL GROWTh!SELF-DEVELOPMENT

a. Chance for new experiences 5.24 2 5.36 2

b. To give yourself time to
think about your future 4.98 5 4.99 8

c. Chance for travel 4.97 6 5.26 4

d. Chance for adventure 4.73 7 4.79 10

e. Chance for a career with __

good promotion possibilities 4.61 10 5.12 6

f. Need to grow-up, learn self-
discipline, and achieve
independence - 4.35 13 4.30 18

g. Need for a Job 4.27 14 4.38 15

h. To compare Army life with
civilian life 3.61 24 3.64 23

i. Personal problems 3.41 26 3.53 24

3. PATRIOTISM

a. To serve the United States
in some way 4.66 8 5.02 7

b. To become a soldier 3.73 22 4.05 22

4. ARMY PAY AND BENEFITS

A,My pay 4.62 9 4.93 9

.rmy dental care 4.38 11 4.61 13

ir ,Z.",.._ ndical care 4.36 12 4.67 12

v". basng benefits 4.01 18 4.72 11

,a policy 3.87 20 4.08 21

fPX viv leg: _______ 3.74 21 .1 1

rCO-c= Srary privileges |3.71 23 2 410_. 20 _

aData for eligible soldiers (Continued o next page)
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TABLE 1 - IMPORTANCE OF ENLISTMENT RF.ASONS 10 FIRST-TERMERS OVERALL
kJND CAREERISTS WITH SIX YEARS OR LESS OF SERVICE (cont.)

CATEGORY/REASONS FIRST-TERMERS CAREERISTS

5. ENLISTMENT OPTIONS/INCENTIVES 
MEAN RANK MAN RANK

a. Training of Choice
Enlistment Option 4.20 15 4.35 17

b. Army area/station of
Choice Enlistment Option 4.17 16 4.49 14

c. Unit of Choice Enlistment
Option 4.06 17 4.36 16

d. Delayed Entry Program 3.88 19 3.33 28
e. Cash Bonus Enlistment

Optiona 3.12 28 ,. 49 25
f. Combat Arms Unit/Area

of Choice Enlistment
_ Optiona 3.03 33 3.06 31
g. Airborne Enlistment Optiona 2.57 34 2.61 33
h. Communications Command

Enlistment Option 2.49 35 2.61 35
i. Army Bands Enlistment

option 2.26 37 2.31 36
6. INFLUENCE OF FAMILY/FRIENDS

a. What you learned about the

Army from friends, neighbors
or relatives with Army
experience 3.39 27 3.34 27

b. Friends jo.ning the Army
or already in the Army 3.11 29 2.98 32

c. Your family's history of
Army or other military
service 3.10 30 3.22 29

7. ARMY RECRUITING

a. The recruiter you talked to 3.41 25 3.39 261 b. Army advertising 3.04 31 3.11 30
r . To avoid being drafteda 2.38 36 2.61 34

aData for eligible soldiers
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TABLE 2- IMPORTANCE OF REENLISTMENT REASONS TO
FIRST-TERMERS, JR CAREERISTS AND SR CAREERISTS

FIRST - JUNIOR SENIOR
CATEGORY/REASON TERMERS CAREERISTS CAREERISTS

MEAN RANK MEAN RANK MEAN RANK

1. PATRIOTISM

a. Serving the United States 6.17 2 6.22 8 6.38 9
2. INCENTIVES AND BENEFITS

a. Your chance for promotion 6.23 1 6.56 2 6.70 2
b. Getting the reenlistment

option you wanted 6.16 3 5.72 17 3.94 33
c. The yearly pay adjustment to

! keep military pay comparable

to civilian pay 6.03 4 6.39 4 6.68 3
d. Thirty (30) days of paid

leave a year 6.01 5 6.17 10 6.37 10
e. Economic security 5.98 6 6.19 9 6.45 8
f. Medical care provided you

by the Army 5.98 7 6.35 6 6.46 7
g. Medical care provided your

dependents by the Armya 5.95 9 6.44 3 6.60 6

h. Dental care provided you by
the Army 5.87 10 6.13 11 6.34 11

i. Being able to Tetire with 20
years service 5.82 12 6.81 1 7.06 1

.. Your base pay 5.74 13 6.27 7 6.60 5
k. Dental care provided your

dependents by the Ama 5.61 15 5.87 14 5.91 14
1 . Commissary privileges 5.00 25 5.44 22 5.70 19

* m. Availability of Selective
Reenlistment Bonus (SRB) 4.92 27 3.96 35 2.68 36

n. PX privileges 4.74 29 5.07 26 5.10 25
o. Chance for Special Duty

proficiency pay (such as
Airborne, EOD). 3.99 36 3.43 36 3.14 35

3. INTERPERSONAL RELATIONSHIPS

a. People for whom you work 5.41 17 5.51 20 5.65 20

b. People with whom you work 5.30 19 5.48 21 5.80 18

c. Morale in your unit 5.28 20 5.53 19 5.62 21
d. People with whom you must

associate 5.26 21 5.33 23 5.46 22
e. Attitudes of your co-workers

and friends within the Army 4.94 26 5.04 27 5.06 26

(Continued on next page)
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TABLE 2 - IMPORTANCE OF REENLISTMENT REASONS TO
FIRST-TERMERS, JR CAREERISTS AND SR CAREERISTS (cont.)

FIRST - JUNIOR SENIOR
CATEGORY/REASON TERMERS CAREERISTS CAREERISTS

..... MEAN RANK MEAN RANK MEAN RANK
4. MOS/WORK RELATED

a. Being satisfied with your

iob 5.96 8 6.35 5 6.62 4
b. Challenge and demands of

your job 5.70 14 5.91 13 6.29 12
c. Amount of "real work" there

is to do in the Army 5.53 16 5.72 16 5.89 16
d. Chance to work in your

Primary MOS 5.01 24 5.58 18 5.86 17
e. Number of hours you must

work for the Army 4.89 28 4.88 28 4.71 28
f. Chance of combat exposure 4.28 34 4.04 34 3.81 34

5. ARMY LIFE

a. Attitude of your wife/
husband toward your reenlist-
inga 5.85 11 5.99 12 6.04 13

b. Your living conditions
(housing/barracks) 5.39 18 5.82 15 5.91 15

c. Discipline in your unit 5.09 22 5.22 24 5.38 23
d. Amount of busy work 5.03 23 5.18 25 5.15 24
e. F:equent overseas or isolated

assignments 4.46 30 4.69 30 4.63 29
f' Amount of harea'smct in the-

Army 4.46 31 4.57 31 4.62 30
g. A ,ount of extra duties 4.39 32 4.50 32 4.47 31

h. Army haircut policy 4.35 33 4.22 33 3.98 32
i. Frequency of family separations 4 2 .4 2 .7 2

due to your Army assignments 4.25 35 4.74 2 4.87 27

aData for eligible soldiers.
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TABLE 3- IMPORTANCE OF SEPARATION/RETIREMENT REASONS TO
FIRST-TERMERS, JR CAREERISTS AND SR CAREERISTS

FIRST - JUNIOR SENIOR
CATEGORY/REASON TERMERS CAREERI,'87S CAREERISTS

MEAN RANK MEAN RANK MEAN RANK
1. ARMY LIFE

a. Amount of harassment in
the Army 5.64 1 5.65 1 4.25 15

b. Your living conditions

(housing/barracks) 4.98 3 4.73 8 4.45 12
c. Morale in your unit 4.69 4 4.98 2 4.30 13
d. Attitude of your wife/

husband toward your
reenlistinga 4.62 6 4,73 7 4.17 18

e. Amount of extra duties 4.53 7 4.61 14 3.71 28
f. Army haircut policy 4.42 10 4.37 21 3.36 31
g. Irregular duty hours 4.38 12 4.64 12 3.86 25
h. Discipline in your unit 4.36 14 4.54 15 4.12 20
i. Amount of busy work 4.35 15 4.64 13 3.97 24
j, Amount of concern for

s personal appearance 4.20 19 4.31 23 4.11 21
k. Frequency of family

separations due to your
Army assignments 3.78 24 4.69 11 4.91 6

1. Frequent overseas or
lol1ated assignments 3.74 27 4.42 19 4.87 8

2. INTERPERSONAL RELATIONSHIPS

a. People for wbom you work 4.64 5 4.84 5 4.47 11

b. People with whom you must
associate 4.52 8 4.71 10 4.21 16

c. People with wbon you work 4.21 18 4.40 20 4.11 22

d. Attitude of your co-
workers and friends
within the Army 4.11 20 4.16 26 4.19 17

f (Continued on next page)
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TABLE 3 - IMPORTANCE OF SEPARATION/RETIREMENT REASONS TO
FIRST-TERMERS, JR CAREERISTS AND SR CAREERISTS (cont.)

FIRST - JUNIOR SENIOR

CATEGORY/REASON TERMERS CAREERISTS CAREERISTS

MEAN RANK MEAN RANK MEAN AK
3. INCENTIVES AND BENEFITS

a. To use GI educational
benefitsa 5.55 2 4.94 3 4.77 9

b. Your pay (base pay plus
tax free allowances for
subsistence and quarters) 4.24 16 4.51 18 5.10 4

c. Your chance for promotion 4.22 17 4.92 4 5.26 2
d. Medical care provided

you by the Army 3.92 21 4.30 24 5.19 3
e. Medical care provided

your dependents by the
Armya 3.86 22 4.52 17 5.43 1

~~~f. Dental care provided' . ... .

you by the Army 3.78 25 3.81 28 4.90 7
g. Dental care provided

:,' jyour dependents by the

Armya  3.59 29 4.21 25 5.05 5
h. Con missary privileges 3.07 33 3.56 29 4.52 10
i. PX privileges 2.94 38 3.24 33 4.04 23

4. MOS/WORK RELATED

a. Amount of "real work"

there is to do in the
Army_ 4.44 9 4.83 6 4.26 14

b. Having a job which did
~~not challenge your

abilities & training 4.41 11 4.72 9 3.60 29
c. Number of hours you work

for the Army. .... . 4.37 13 4.53 16 4.14 19
d. Time spent working out- I

side your Primary MOS 3.82 23 3.83 27 3.32 32
7 . Don' t l ike my MOS and

can't arrange to get one
I do like 3.68 28 4.32 22 2.80 36

f. Chance of combat
exposure 2.97 36 3.10 - 36 3.05 34

g. Reclassified into an MCOS
that I have no interest
in and eon't enjoy
working in 2.38 42 2.57 40 2.26 38

(Contiiued on next page)
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TABLE 3- IMPORTANCE OF SEPARATION/RETIREMENT REASONS TO
FIRST-TERMERS, JR CAREERISTS AND SR CAREERISTS (cont.)

FIRST - JUNIOR SENIOR
CATEGORY/REASON TERMERS CAREERISTS CAREEPISTS

MEAN 'RANK MEAN RANK MEAN RANK

5. PERSONAL GOALS ATTAINED

* a. Joined the Arrmy for new
experieutces and I've
done that 3.78 26 3.49 30 3.72 27

b. Joined the Army to find
myself/grow-up/mature
and I've done that 3.56 30 3.36 31 3.02 35

c. Joined the Army to travel
and I've done that 3.22 31 3.30 32 3.74 26

d. Found a civilian job
using the skills/-.r-in-
ing V've acquired in
the Army 3.20 32 3.10 35 3.13 33

e. Joined the Army for
adventure anJ I've done
that 3.05 35 2.99 37 3.55 30

6. UNATTAINABLE PERSONAL GOALS

a. Joined the Army for
adventure and I haven't
had any/or enough 3.05 34 2.80 38 1.93 39

b. Joined the Army for new

experiences and I
haven't had any/or
enough 2.96 37 2.69 39 1.91 40

c. Joined the Army to travel
and I haven't 2.84 39 2.32 41 1.75 41

d. Not getting the reen-~listment option you

wanted 2.46 40 3.22 34 2.70 37e. Joined the Army to --n

myseIf/g'o-up/mature

and found I couldn't do
that in the A=-m 2.39 41 2.16 42 1.67 42

-

aData for eligible soldiers

iA
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GOODGAME, D., Occupational Research Division Insustrial Engiceering
Departmnent, Texas A&M University, College Station, Texas.

OPERATING AND ANALYT!C CAPABILITIES OF TIHE NEW CODA? SYSTEM (Wed A.M)

The Occupational Research Division at Texas A&M University La user
of CODAP since 1973) is redesigning and writing the computer software
to replace the existing CODAP system which is de ,=.-et on IBM-AMDAHL
computecs. The resultant system will be relatively qachine independent
and with minimum conversion can be made to operate nn any computer with
a FORTRAN compiler. Results af a study are presented outlining how
this CODAP system will operate. The results include sample outputs
describing the va-'ious ways data can he formqted for analysis and
interpretation. Tht new capabilities of this system will be
highlighted and integrated into a job-analytic investigation. The
procedures for inputing control statements will be reviewed to
illustrate the manner in which computer procedures are called and
executed. The purpose of the four manuals used to operate and maintain
the system also will be described.
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OPERATING CHARACTERISTICS
OF THE NEW CODAP SYSTEM 80

Doug T. Goodgame

Occupational Research Division
Industrial Engineering Department

Texas A&M University
College Station, Texas 77843

INTRODUCTION

Databases resulting from occupational surveys have three characteristics
that make them somewhat unique. One, the databases tend to be very large.
There ,,ay be several hundred to several thousand incumbent workers in a study
with hundred3 of observations recorded per worker. Two, the database contains
two distinct types of data, worker profile or background data and task respont-es.
Three, subsequent data processing and analysis tends to divide the original
database into numerous groups of data each requiring separate study. This
situation places unacceptable demands upon commonly used statistical packages
and forces analysts, who use such packages to process occupational survey data,
to restrict the scope and bounds of planned analysis. The Air Force recognized
thes problems in the 1960's and initiated the davelopment of the CODAP system
to process occupational survey data. CODAP is an acronya for Comprehensive
Occupational Data Analysis Programs, which most of us are familiar with.

The present CODAP system was developed on a program by program basis over
a number of years. Job analysts would recognize a need for displaying data in
a specific fashion and have a programmer write a program to process it and
display results in the desired manner. Not only did the number of programs
grow, but eventually the programs had to be written for specific computers.
As a result, there are three sets of CODAF programs in use. Each set functions
on a different brand of computer, and reflects different operating capabilities.

As new programs for processing and displayingdata were developed, and
added to the present system, older programs were used less or eventually
became obsolete. Still, the overhead for operating the system remained un-
changed and continued to incorporate the older programs.

In addition, occupational analysis arrived at a point where a job analyst
had to work in conjunction with a skilled programmer to produce minute changes
in data processiig and display formats. Also, in many instances, job analysts
continued to rely on para-professionals to build CODAP control card decks to
order routine runs. In essence, the system was dictating to the job analyst
what the boundaries of an occupational analysis should be. Needless to say,
the situation was ready for review.

The Navy is one of the major users of the CODAP system and in 1978, a
representative of NODAC (Navy Occupational Development and Analysis Center)
contacted the staff of the Occupational Research Division at Texas A&M
University, who had extensive experience in working with the CODAP system,
and requested that we present our views on this problem. After considerable

GOO-1
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discussion, both parties agreed that the future of occupational analysis would
be best served by a major rewrite of the system. It was agreed that the
features of any new system should reflect these requirements:

- The system should be flexible: In that new processing and display
requirements should be easily developed by persons without special training
in programming.

- The system should be adaptive: The system should be able to process
data other than relative time spent values without modification.

- It should be easy to use: Apprentice job analysts should be able to
use the system to make routine runs without extensive training.

- All data in the system should be accessable: Any program or routine
would be able to access any type of data in the database.

- The system should have high capacity: Data storage limits shculd be
expanded to mect current demand.

The system should be transportable: The system should be operable
on any main frame equipment with minimum modification.

In essence, any new system would, above all, have to be flexible and easy
to use, without undue dependence on skilled programmers for operation. Using
these criteria as a guide, ORD, in concert with a committee of CODAP users,
decided an integrated database management system would be the best approach
in redesigning and rewriting CODAP. A database management approach gives the
job analysts the ability to access any data, manipulate it in preparation for
proce-.,ng, process it using a wide variety of computing routines and display
results in easy to read forms to analvse work. In this manner, the job analyst
thinks of the data as raw material~or building data summaries. To do this,

' job analyst uses English-like sentences to invoke the operation of certain

p-ocedures which pulls data from specific locations and processes for display.
Key to understanding this approach is: 1) a knowledge of the conceptual
arrangement of data in the computer, 2) knowledge of CODAP language statements
that invoke data processing and reporting, and 3) knowledge of sample formats
for displaying results. These are the three knowledge requirements which a
job analyst needs in order to process occupational survey data for analysis.
The remainder of this paper will address these three requirements.

CONCEPTUAL ARRANGEMENT OF DATA

Task inventory data in the new CODAP System 80 can he pictured ds residing
in a two dimensional matrix (see Figure 1). The items or variable-. from the
task inventory are displayed down the left hand side of the matrix in task
inventory order. Each variable in the task inventory is sequentially numbered
with background variables using a prefix of H, task variables a prefix of T,
and secondary variables a S. Incumbent workers are arrayed across the top of
the matrix in the order which task inventory booklets are read in. Naturally,
each incumbent's data is located in the respective column beneath the -ncumbent's
identification number. After job clustering, the incumbents are resequenced
and given a hierarchical sequence number which is a location identification
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number that aids the analyst in referencing specific incumbents or groups of
incumbents. All data in an occupational survey is arranged in this format
for quick reference by the job analyst. The analyst should think of columns
as containing an incumbent or an aggregate of incumbents known as a GROUP.
The rows contain a variable or aggregate of variables known as MODULE. In a
study, a job analyst will be working with numerous groups of incumbents and
in regard to tasks, numerous modules. (A duty, as we know it, is a module
of tasks.)

CODAF LANGUAGE

There are different categories of language statements which the job
analyst uses to produce data summaries. Some statements locate the sets of
data that will be extracted for study. Others define what will be done to
the data identified for study. A third type of statement allows the analyst
to print the summaries in various reporting formats. In review, the three
major functions of the language are to: 1) select data for study, 2) perform
computations on the data, and 3) print the data summaries. There are other
functions, but these three are sufficient for an intrcduction to the system.

Let's review the major commands which job analysts can use to start
processing data in CODAP System 80.

SELECT - The SELECT statement is used to identify subsets of rows
(variables) or columns (incumbents) which the analyst wishes to
isolate for study. SELECT will be used when the analyst needs
to define a new module or group. It is mainly useful when it is
necessary to carry out some computation on a subset of the data
in the database or to identify rows or columns that meet certain
criteria.

DESCRIBE - The DESCRIBE command produces statistical descriptions of
existing data in the database. The DESCRIBE command is used
primarily for generating descriptive analyses of incumbent responses
to historical, task, and secondary questions. When given a group
of incumbents ana a module that defines a subset of the database,
DESCRIBE can compute the percentages of incumbents that responded
to the questions in the module and the averages and standard devia-
tions of the incumbents' responses. Similarly, DESCRIBE is capable
of computing statistics for modules on groups. In this case, anal-
yses are computed for columns (incumbents), rather than rows (variables).
This gives DESCRIBE the feature of symmetry.

VARSUM - The VARSUM procedure is used to generate reports of frequency
counts and percentages of variable values on Lhe database. The
procedure also has the capability of producing two-way distributions
of frequency counts and percentages.

AVALUE - AVALUJE computes statistics for a specified row on a subset of
the database. The subset of the database is defined by a group
ID and a module ID. AVALUE produces a column that contains the

1-'statistics computed for the row.
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CREATE - CREATE will be used whenever the CODAP user wants to add new

data to the database that can be calculated from existing data via
an arithmetic expression. Sometimes CREATE will be used as an
intermediate step in a more complex calculation for which the CODAP
system provides no predefined function to automatically carry out the
desired computation. The ability to add data items to the database
is one of the most powerful features of CODAP. This trait helps
elevate CODAP from the role of specialized job analysis tool to
that of multipurpose database management system and data analysis
system.

PRINT - The PRINT statement displays information that exists in the data-base. In addition, various summary statistics are calculated and

displayed optionally.

REPORT - REPORT displays information pertaining to variables that are
within a CODAP database. The information printed for a variable
contains the variable type (row, column, module, group, or constant)
and the number of members in the variable (i.e., the length of the
variable in computer words). If the variable is a created row or
column, then REPORT will print the group or module that the variable
was developed for. REPORT will optionally print the remark associated
with the variable.

SAMPLE FORMATS AND LANGUAGE STATEMENTS

Let's examine how this language will be used to produce data summaries for
analysis. We will assume a database from a sizeable occupational survey has
been readied for production runs. One of the first data summaries an analyst
produces in a study is a job description for a group of workers. There are
two basic formats for producing job descriptions in CODAP System 80. One,
a listing of tasks rank ordered on percent of members performing or on average
percent of time as shown in Figure 2. The secord format shows tasks grouped
by duty field or module as we now call it. A most convenient way to do this
is to order the modules on average percent time and rank order tasks in the
module on percent members performing. The later format enables the analyst
to refer to work time spent on modules when analysing work of a group across
duty fields. Within the module, percent members performing is a more useful
statistic for analysing performance at the task level. This job description
format is located in Figure 3.

Language statements in CODAP System 80 are very easy to learn and give the
job analyst increased flexibility in processing occupational survey data.
These statements use English-like words complete with objects, verbs and
prepositions in sentence structure to create a correct syntax invoking System
80 routines. We believe that a job analyst can learn this language in a
workshop of not more than thirty to forty hours.

In Figure 4, we can examine a language statement for ordering a job
description as described in Figure 2. In Figure 2, the job description
repcrts three vectors of data across tasks ordered on magnitude of average
percent time spent by all. The statements would read as follows:

The BEGIN word delineates the beginning of a CODAP program, informs the
interpreter of the name of the database and the command to execute.
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The next statmuient invokes the processing for a production run.

DESCRIBE is a comnand procedure that produces statistical descriptions
of existing data in the database.

ROWS i; a keyword that points to the portion of the database on which
staListics will be computed.

FOR i a preposition identifying the object (G146).

Th, number in parenthesis (G146) refers to a system created group pro-
duce' by job clustering which forms the set of incumbents on which statistics
will be computed acvoss.

ON is another preposition to illustrate the objective nature of the
statement.

The word TASKS specifies the type of variables. In this instance, the
word TASKS signals the interpreter that the processing will occur across all
tasks which this group of incumbents reported performing.

PCNTG146 is the title of the first column of data to be reported.

is an assignment operator.

PCNT is a statistical function name. It defines the statistic that
DESCRIBE procedure will compute.

The statement in quotes in any remark the analyst wishes to attach to i,

this data. !

In the second CODAP System 80 statement, a similar sentence invokes
processing for computing and reporting average percent time spent by members
performing and the third statement does the same for time spent by all.

The last statement is the command procedure for printin5 this information.

The general form of the PRINT statement is as follows:

- the procedure, PRINT.
- a description of which part of the database is being used to

define the vertical axis.
- a description of which part of the database is being used to

define the horizontal axis.
- a description of what is to be printed as a title at the top

of the produced report.
- various options that define operations to be performed or the
displayed information that control the appearatice of the output.

PRINT is the command procedure.

ROWS (Tasks) identifies the part of the database which defines the vertical
axis of the printout. Anything occurring before the slash (I) indicates elements
o0 vertical axis.

GOO-5
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COLUMNS (PCNTG146 AVGPG146, AVGAG146) defines the horizontal axis of I

the printout.

SORT DESCENDING BY (AVGAG46) specifies which data the task listing is
ordered on.

CUM (AVGAGl46) identifies the vector which will be sequentially sunmmed.

HEADING:= can contain any title you'want to give a report.

END. End period specifies you are finished wit', the stittement.

This statement will invoke a task level job descriptorn cf 44e type
described in Figure 1. If an analyst wants job descriptions such as this ,&
for more than one group, the group identification number is inserted in1 the
first line of the statement.

io
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FIGURE I

SAMPLE DATA BASE
Ii 12 13 14 15 16 17

H. . 2 1 1 . 2 1

H2 23 * * 41 27 19 53

H3 2 11 16 19 3 1 30

H4 5 1 7 3 2 4 1 6

Ti 11 0 0 , 11 24 64 36

T2 ii 0 43 44 24 9 64

T3 22 20 57 0 18 9 0

T4 56 50 0 22 0 18 0

15 0 30 0 22 35 0 0

2 2_Si * * * 2 * * 2

S3 2 2 3 1 ,

S4 1 2 2 2

5 * 1 3*

- "
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FIGURE 2

TASK LEVEL JOB DESCRIPTION

PCNTG14E
D-TSK DUTY TITLE AVGPG146

AVGAG146
& I

0 13 LOCATE ERRORS IN A PROGRAM 72.79 1,75 1,27
H 1 CONSULT WITH PEERS TO GAIN iNFORMATION TO

SOLVE A SPECIFIC PROBLEM 77.55 1.45 1.13
0 14 DESIGN PROGRAM MODULES 51.02 .96 1,00
Q 9 READ TECHNICAL MANUALS 68,70 1.29 0.89
0 30 DEVELOP PROGRAM LOGIC FLOW 48.30 1.76 0.85: 33 OPERATE CONVERSATIONAL COMPUTER TERMINAL

(OTHER THAN THE MAIN CONSOLE) 47.62 1.76 0.84
115 OPERATE CARD READER 53.06 1.55 0.82
P 15 DEVELOP TEST SITUATIONS FOR NEW OR REVISED

PROGRAMS 59,18 1.34 0.79
P 11 TEST INDIVIDUAL PROGRAMS FOR ACCURACY AND

EFFICIENCY REQUIREMENTS 52,38 1,50 0,78
B 24 READ OFFICE MEMOS AND LETTERS 74,15 1,03 0,76
P 12 VERIFY ACCURACY OF INPUT/OUTPUT INFORMATION

FOR COMPUTER PROGRAM 56.46 1,34 0.75
D 4 INSTRUCT USERS CONCERNING CONCEPT AND USE

OF A SYSTEM 55,10 1,29 0.71
0 31 WRITE PROGRAMS IN FORTRAN 49,66 1.44 0,71
0 34 WRITE PROGRAMS IN COBOL 39,L45 1.79 0,70
D 15 INSTRUCT EMPLOYEES ON-THE-JOB 57,82 1,21 0,70
0 1 WRITE PROGRAMS TO INTEGRATE NEW SOFTWARE

INTO SYSTEM 40.14 1.73 0,70
H 2 DETERMINE FEASIBILITY OF IMPROVING ANY PORTION

OF A PROGRAM OR SYSTEM 62,58 1,08 0,68
P 6 IDENTIFY POSSIBLE PROBLEMS IN MODIFICATION OF

A SYSTEM OR PROGRAM 53,74 1,25 0.67
Q 5 REVIEW USER COMPLAINTS 64,62 1.02 0,66
N 14 SORT PRINTOUTS FOR FILING 29.93 2.20 0,66
G 24 CONFER WITH CO-WORKERS ON SYSTEM DEVELOPMENT

PROBLEMS 57,11 1.14 0,65
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FIGURE 3

MODULAR JOB DESCRIPTION

ODULE-O CREATING PROGRAMS

TASKS PCNTG146 AVGA146

13 LOCATE ERRORS IN A PROGRAM 72.79 1.27
14 DESIGN PROGRAM MODULES 51,02 1.00

30 DEVELOP PROGRAM LOGIC FLOW 48.30 0.85
31 WRITE PROGRAMS IN FORTRAN 49.66 0.71
34 WRITE PROGRAMS IN COBOL 39.115 0.70
1 WRITE PROGRAMS TO INTEGRATE NEW SOFTWARE

INTO SYSTEM 40.14 0.70
12 DESIGN TEST DATA TO TEST THE BRANCHES OF e

A PROGRAM 46.26 0,60
16 CREATE SIMULATED FILES OR TEST DATA 51,70 0,58
40 PERFORM PROGRAMMING FUNCTIONS WITH EASYTRIEVE 27.89 P,49
20 UPDATE ON-LINE DOCUMENTATION FILES 40.82 0,41

JDULE-P EVALUATING PROGRAMS

'15 DEVELOP TEST SITUATIONS FOR NEW OR REVISED
PROGRAMS 59.18 0.79

11 TEST INDIVIDUAL PROGRAMS FOR ACCURACY AND
EFFICIENCY 52.38 0.78

12 VERIFY ACCURACY OF INPUT/OUTPUT INFORMATION
FOR COMPUTER 56.116 0.75

6 IDENTIFY POSSIBLE PROBLEMS IN MODIFICATION OF
A SYSTEM OR PROGRAM 53,74 0.67

19 RESEARCH TECHNICAL MANUALS TO DETERMINE CAUSE
OF ABNORMAL TERMINATIONS 55,10 0.64

17 ANALYZE MEMORY DUMPS 51,70 0.53
? 18 EVALUATE PROGRAM TEST CASES 48,30 0.53
21 CONFER WITH AUTHOR OF A PROGRAM OR SYSTEM TO

DETERMINE ITS FUNCTION 54,42 0.52
S13 REVIEW ON-LINE DOCUMENTATION FOR ACCURACY 48,98 0.50

14 IDENTIFY FILES REQUIRED TO TEST NEW OR REVISED
PROGRAMS 46.26 0.47
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II
FJGURE 4

BEGIN STUDY ID EXECUTE

I DESCRIBE ROWS FOR (G146) ON TASKS

PCflTG146 :=PClMT 'PERCENT MEMBERS PERFORMING';
ROWS FOR (146) ON TASKS

AVGPGII46:=AVGP 'AVERAGE PERCENT TIME SPENT BY

MEMBERS PERFORMING:

ROWS FOR (G146) 01,! TASKS

AVGAG1I46:=AVGA 'AVERAGE PERCENT TIME SPENT

BY ALL MEMBERS';

IPRINT ROWS (TASKS) /COLUMNS (PCNTG1461 AVGPG1461 AVGAG1461)
i SORT DESCENDING BY (AVGAG1461) CUM (AVGAG1461)

HEADING:=SAMPLE JOB DESCRIPTION FOR PRESENTATION

AT MTA,

END,
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GOTT, Sherrie P. Ph.D., and ALLEY, William E. Ph.D., Air Force Human

Resources Laboratory, Mannower & Personnel Division, Brooks AFB, Texas.

PHYSICAL DEMANDS OF AIR FORCE OCCUPATIONS: A TASK ANALYSIS APPROACH
(Thu A.M.)

A four-stage research effort has been jointly undertaken by the

Air Force Human Resources Laboratory and the Air Force Aerospace
Medical Research Laboratory to develop and apply methodologies for
assessing physical strength and stamina requirements in Air Force

enlisted specialtics. The ongoing first stage of the research involves

surveying supervisory-level enlisted personnel to elicit global

estimates of the physical deriand posed by the more than 60,000 tasks

performed Air Force wide. Follow-up surveys are administered to

quantify the types ot physical effort associated with each demanding

task. Later stages of the research will focus on the development,

evaluation, and validation of personnel diagnostics for measuring
relevant dimensions of strength and stamina. Interim results from the

survey of app-oximately 11,000 supervisors in 135 enlisted specialties
will be reported in the following topical areas: interrater agreement,

comparisons of type and level of physical demand across specialties,

and distribut.on of specialties along a physical demand continuum.
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PHYSICAL DEMANDS OF AIR FORCE OCCUPATIONS:
A TASK ANALYSIS APPROACH

II
Sherrie P. Gott, PhD
William E. Alley, PhD

Air Force Human Resources Laboratory, Manpower & Personnel Division

Brooks AFB, Texas 78235

INTRODUCTION

For several years, the Air Force Human Resources Laboratory (AFHRL) has
been conducting a large-scale research program in the occupational
requirements area. Primary emphasis in the past has been on determining
aptitude requirements, with some secondary emphasis in the training area, but
it is exploratory work in pnysical and perceptual/psychomotor requirements
that is the precursor of the research effort I will be discussing today --

strength and stdmina requirements for Air Force enlisted occupations.

Despite the general recognition that effective performance in a variety of
AF enlisted specialties requires above average physical strength and stamina,
there has been very little systematic research done tL support definitive
assignment criteria. The Surgeon General has instituted an interim screening
program (Factor X) to guide assignments into heavy work speci,4lties, but the
system is highly judgmental both in the establishment of minimun. requirements
and the assessment of individual capabilities. In point of fact, IF managers
continue to express concern that many of the current selection and assignment
procedures are inadequate due to a lack of specificity, arbitrary
distinctions, and the absence of a firm empirical basis. Such deficiencies
are impeding the effective utilization of personnel resources at a time when
the problems associated with maintaining an all vol.mteer force are reaching
critical proportions.

There are likewise several important accession trends that bear relevance
to the issue of effective utilization of personnel resources: First of all, it
is estimated that over the next decade the number of qualified males availaole
for entry into the armed forces will steadily decline. Concomitantly, the
ratio of males to females entering military service is undergoing marked
change. For examp*e, between 1965 and 1978, the proportion of woolen in the
armed services increased from 1.5% to 8.1%. By the mid 1980s, it is projected
that women will represent 15% of military sevice personnel. Given these
important trends, increasing reliance is being placed on the utilization of
women in both traditional (medical, administrative, and clerical support) and
nontraditional (mechanics, electronics, security services, and supply)
assignments in order to offset anticipated difficulties in maintaining a
viable workforce. The need to fully utilize the available pool of enlistees
makes optimal assignment algorithms eytremely important. And yet, since the
inability to perform well in jobs involving heavy work applies to a certain
proportion of men as well as women and because some women are physically
capable of performing heavy work, sex group cannot be used as a definitive
classification standard. Thus the poblem is a generil one, not a

The views expressed herein are those of the authors and do not reflect 
the

views of the United States Air Force and the Dcpartment of Defense.
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gender-related one. The resolution, in our judgment, requires detailed
analyses of work requirements in all enlisted sptcrialties to (1) empirically
aerive the specific occupational demands and (2) guide the implementation of
screening methods designed to insure that personnel capabilities meet or
exceed on-the-job requitements.

AFHRL is pcrsuing this research in collaboratior with the Aerospace
Medical Research Laboratory (AMRL) at Wright-Patterson AFr. The broad
objectives being pursued in this collaborative effort are (1) to determine the
physical requirements for each Air Force enlisted speciilty through survey
methodology and followup teld observation/validation at the task level, (2)
to establish specialty-specific minimum entry standards based upon empirically
derived job requirements, (3) to develop and validate a test battery to assess
individual physical capabilities, :nd (4) to implement both the person and the
job characteristics into the Air For,-e Person-Job Match System (PJM). PJM is
the dynamic, computer-based Air Fcrce assignment system that matches
applicants for enlistment in the Air Force with Air Force occupations. AFHRL
is taking the lead in the preliminary job analysis phase to assess
occupational requirements, and AMRL will direct later phases to develop and
validate appropriate screening procedures to measure physical capability at
point of entry.

This paper reports preliminary findings regarding the assessment of
task-level physical job requirements for 87 Air Force special'.ies. The
reporting is interim in nature, and therefore no results bearing on the final
determination of physical job standards will be presented. What can be
reported, however, are some early trends regarding the frequency and
distribution of high-demand tasks in selected specialties and some of the
analysis options available to the researcher who adopts a task-level approach
to job requirements resparch.

PROCEDURES AND MATERIALS

Overview of Approach

Task inventories developed by the Air Force Occupational Measurement
Center (AFOMC) are being utilized in a two-stage assessment of all AF enlisted
specialties. In the first stage, an exhaustive OMC-developed task inventory
is used to elicit supervisory judgments about the overall physical demand
requirements for each specialty-related task. In the second stage, multiple
dimensions of the physically demanding tasks identified in the first stage are
quantified with regard to type and level of effort by a second independent
sample of enlisted supervisors. Information from the detailed assessment of
high-demand tasks will be summarized in later reports.

Subjects

Two random samplps ot 60 supervisory-level NCOs each are selected to serve
as subject matter experts for each specialty. To date, approximately 16,500
supervisors in 170 of the more than 230 enlisted specialties have been
adminis.ered presurv-ys (first stage) and followup surveys (second stage).
Thus far tie average rate of return of usable surveys has been 64 percent.
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The findings discussed herin are based on presurvey returns from the first
87 specialties studied. By career field, all aircrew operations, training
devices, maintenance management systems, munitions and weapons maintenance,
services, food services, fuels, supply, printing, security poice, and aircrew
protection specialties are included. In addition, specialties from the
following career fields are among the 87: intelligence, command control
systems operations, communications operations, communications-electronics
systems, missile electronic r.aintenance, avionic systems, wire communications
systems maintenance, intricate equipment maintenance, aircraft systems
maintenance, aircraft maintenance, missile maintenance, vehicle maintenance,
mechanical/electrical, structural/pavements, administration, and medical.

Presurvey Materials

The presurvey, or Physical Demands Survey, consists of two parts: the
first is a Background section containing demographic items for the supervisor
to complete, and the second is a comprehensive task list for the supervisor's
specialty. The supervisory rater is asked to supply a single global estimate
of the physical demand associated with each task using a 10-point (0-9)
unidimensional scale. Anchors and lifting benchmarks are provided for all
scale points providing for a transformation of the 0 to 9 values to 0 to 90
pounds. Verbal anchors range from "no significant demand" for the 0 point to
"extremely heavy" for 9.

PRELIMINARY RESULTS

Results reported in this section are based upon e ponses from supervisors
in the 87 specialties previously described. Of these 87 specialties, 28, or
32% have the highest Factor X designation of I; 45, or 52%, have a middle
Factor X rating of 2; and 14, 16%, have a low Factor X of 3. A
disproportionate number of high-demand specialties is thus apparent in this
sample; all findings should be interpreted in that context.

Reliability of Task Data

Reliability of the task-level physical demand estimates was assessed via
in inte:-rater agreement index (Lindquist, 1953). The range of reliability
coefTicients (Rkk values) for the 87 specialties was from -.714 to +.978,
but as shown in Figure 1, the majority of coefficients fell in the +.800 to
+1.000 range.

The range of R11 values, indexing the reliability associated with a
single rater, was from -.015 to +.581. As shown in Figure 2, the majority of
these coefficients fell in the +.200 to +.599 range. It is the RIJ value
that is entered in the Spearman-Brown prophec;' formula to estimate the
reliability of mean ratings based upon a sample of any given size. For the 70
specialties with RII values in the four intervals from +.200 through +.500,
sample sizes of approximately 30, 20, 15, and 10, respectively, would have
been sufficient to achieve an Rkk of .900 assuming all raters rated all
tasks. Since this is an untenable assumption, i.e., that all raters would
have sufficient knowledge and experience to rate all tasks in a particular
specialty, the requisite sample size would need to be augmented somewhat.
With an average return rtte of 64%, a samole of 60 raters per specialty, (38.4
usable returns) was adequate for providing stable results in most specialties.
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There were 13 specialties in which raters failed to dtyree dt a minimal
.800 Rkk level and 17 specialties where the Rl] values were less than

.200. The specialties falling below these arbitrary lower reliability
boundaries (see Figures 1 and 2) were generally found to be low-demand
specialties as indicated by their present Factor X ratings and the relatively
low "means of all task means" that were achieved. We are presently studying
all returns for these specialties and investigating background characteristics
of raters as well as patterns and/or anomalies in responses that might account
for the unacceptable level of agreement. One interesting finding thus far is
that more than half of the task ratings produced for a large subset of these
specialties are zero values. What's more, the proportion of zero ratings for,
some specialties is as high as 80%. Although this dominance of a single
response option for a given specialty is in itself a convincing indicator of
inter-rater agreement, reduced variability in ratings across tasks for these
specialties serves to adversely affect the index of inter-rater agreement
proposed by Lindquist (1953). We are presently researching the feasibility of
alternate reliability estimates for these zero-loaded specialties.

Validity of Task Data

At this stage of the research, the validity of the Physical Demands Survey

and the resultant task-level estimates can be addressed in terms of both
content and construct validity1 . A measure can be said to be content valid
if it covers a representative sample of the behavior domain to be measured
(Anastasi, 1975). Content validity can also be assessed in terms of the
extent to which the operations measure the trait they are intended to measure 1
as judged from the characteristics of those operations (Ghiselli, 1964).

In terms of the representativeness of the sample of behavior, the Physical
Demands Survey contained an exhaustive list of all tasks performed in a given
specialty as certified by the Air Force Occupational Measurement Center.
Since the behavioral domain was occupational tasks, the universe was thereforeincluded in the survey, not a sample thereof. Further assurance against task

exclusion was provided by a write-in option where raters were encouraged to
write in any physically demanding tasks not incorporated in the list. In the
main, write-in tasks that have been provided are actually subcomponents of
existing tasks expressad in more specific terms.

Concerning the content of the measurement operations and the relationship
between those operations and the trait being measured, the case for content
validity is as follows. The operations in this survey involved a rater's
placing each occupational task along a 10-point scale according to t:v
distinguishing characteristics or verbal anchors provided with the scale. Toe
distinguishing characteristics were in fact concrete and behavioral in the
form of lifting benchmarks ranging from 0 to 90 pounds along with accompanying
verbal phrases that indicated frequency of physical effort. The case can be
made that oDerations so defined are steadfastly connected to the trait of

1As of yet, there has been no attempt to determine if the estimated weights
associated with the lifting tasks are comparable across specialties or to
objectively verify the estimates wit:i field observation data.
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physical demand and that raters using such a set of operations are in fact
employing the same model of physical demand if they can achieve high agreement
in their task-level quantifications. In other words, high inter-rater
agreement can be used to argue that no distinction exists between the
definition of the trait and the set of measurement operations.

As a type of validation, construct validity is comprehensive in nature and
logically subsumes the other types of validity generally considered, i.e.,
content and criterion-related validity (Anastasi, 1976). Conceptually, the
construct validity of a measure is the extent to which it can be said to
measure a theoretical construct or trait. In the test and measurement
literature, convergent and discriminant validity are commonly reported as
evidence of the construct validity of a particular measure or test. In the
case of the Physical Demands Survey, several types of validity data have been
derived thus far that approximate convergent validation. First, an
interrelationship was assessed in a manner similar to the Campbell and Fiske
(1959) monotrait-heteromethod process. Supervisory raters estimated the
percentage of work done by first-term airmen that was heavy or very heavy in
nature in addition to estimating the physical demand for each task in the
inventory. A Pearson product-moment correlation was computed between the
specialty means of such percentages and the average task difficulty per unit
time spent by first termers for each specialty. The latter variable was
computed on the basis of time-spent data obtained from routine administrations
of occupational surveys by OMC by summing the products of task mean strength
and stamina and time spent across all tasks within a specialty and then
dividing by the number of tasks. A significant positive correlation was
obtained L(85) = +.823, p <.011. Such a relationship between the same trait
measured by differing methods provides some evidence of convergent validity in
the instrument.

Secondly, if one considers the "theoretical predictions" associated with
the construct being measured (i.e., physical demand), certain expectations
exist regarding the kinds of occupational tasks that would logically be rated
high on physical deman--versus those that would logically be rated low. If
the data support the theoretical expectations, then a case can be made for the
measure's construct validity. For a large number of Air Force tasks, the
physical requirements are common ones familiar to most people. It is
therefore possible to inspect an ordering of such tasks on the dimension of
estimated physical demand to see if, (1) the tasks one would expect to be
high-demand tasks are in fact rated highsand (2) if a rank ordering of tasks
on average demand confirms logical expectations. lable 1 shows
represenatative high- and low-demand tasks for selected enlisted specialties.
The most demanding task in the Fire Fighting Specialty, for example, was
identified as rescuing personnel from buildings. This was judged to be
equivapnt to a simple lifting requirement of 84 lbs. A correspondingly
low-rated task was "operate engine controls" rated at 17 lbs. In pavements/
maintenance, "carry railroad track," rated as being equivalent to a lifting
requirement of 80 lbs was judged to be most demanding. Although inspection
reveals logical and consistent differences between tasks within specialties,
the extent to which the ratings are comparable across specialties remains to
be empirically determined. It is not known, for example, whether the two
tasks with an average rating of 8.0 (80 lbs) i A pavements/maintenance
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Table 1
High- vs. Low-Demand Tasks in

Selected Specialties

High-Demand Tasks Low-Demand Tasks
Occupational Mean Mean
Specialty Title Rating Title Rating

Fire Rescue personnel 8.4 Operate engine controls 1.7
Protection from buildings

Pavements Carry railroad track 8.0 Assign vehicles or equipment .85
Maintenance to operators

Survival Fight forest fires 7.5 Operate pyrotechnic 1.4
Specialist signaling devices

Security Act as intruder/decoy 5.3 Conduct building security 1.3
Police in dog attack training checks

Inflight Secure cargo during 6.0 Take inflight celestial 1.6
Refueling preflight observations

Telephone Install or remove 6.4 Inspect telephone poles for 1.4
Repair aerial cable systems climbing safety

Vehicle Remove or install 8.0 Clean or adjust automatic 1.2
Maintenance grader hi-lo chokes

transmission

Masonry Remove defective 7.1 Clean tile surfaces 1.6
Specialist concrete with jack

hammer

Aircraft Remove or replace 7.8 Ground aircraft 1.0
Maintenance landing gear

Carpentry Overlay rolled roofing 6.1 Sharpen hand tools 1.3
Specialist

Note: Range of scale values from 0 (no significant demand) to 9 (extremely heavy
demand).
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--"carry railroad track"--and vehicle maintenance--"remove or install grader
hi-lo transmissions"--are exactly equivalent in terms of overall demand.
Further assessment would reveal if systematic bias in the ratings requires
statistical adjustment to achieve comparability across the various specialties.

Analysis Options Offered by the Task-Level Approach

Option 1: Task frequency profile. Table 2 presents a frequency and
percentage distribution of task mean values for the initial 87 specialties
surveyed. Each of the specialties is thus represented by a frequency profile
derived from the overall estimates of task physical demand. Percentages are
provided to facilitate comparisons across specialties.

The totals given at the bottom of Table 2 produce a markedly skewed

distribution of tasks on the physical demand factor. Nonetheless, for these
87 specialties there are, according to supervisors' estimates, 1874 tasks for
which first termers are required to manipulate an equivalent of' 50 pounds or
more. Table 3 shows the 15 specialties having the highest percentage of tasks
means falling above 5 on the physical demand scale. Note the
overepresentation of certain career fields in this rank-ordered list. There
are four 55 (structural/pavements) specialties, two 54 (mechanical/electrical)
specialties, two 46 (munitions and weapons maintenance) specialties, and two
47 (vehicle maintenance) specialties. On the basis of present Factor X
designations, 11 of the 15 are predictable high-demand specialties since 'hey
are presently among the specialties having the highest Factor X rating of 1.
However, 463X0, 472X0, 472XlA-D, and 545X0 have a lower Factor X rating of 2.
As an analysis option, this approach affords the benefit of a profiled
characterization of a specialty as opposed to a single index ot physical
demand. The format provides the opportunity for detecting the presence of
outliers or high-demand tasks present in an otherwise nondemanding specialty.
One deficiency in this option is the fact that quantity of tasks alone
characterizes the specialty with no adjustment made for time spent on task or
the percent of job incumbents who must perform the task. Option 2 offers some
remedy for this deficiency.

Option 2: Average physical load index. Time spent on tasks is a
frequently used moderating variable in job requirements research. By using
historical occupational survey data it is possible to calculate an index that
represents the "average load" on a particular group of job incumbents as a
function of time spent on job tasks. For first termers in each specialty, an
"average task strength and stamina per unit time spent" value can be
calculated by summing the products of task mean strength and stamina and time
spent across all tasks and dividing by the number of tasks. Table 4 shows a
distribution of the 87 specialties on this time-weighted physical demand
variable. Note the effect of time spent on the relative position of the 15
high-demand specialties identified in Option 1. Nine of the 15 retained a
position in the top group, but six dropped out, several by 16 positions or
more (472X0 from eleventh to twenty-seventh, 545X0 from fourteenth to
thirty-second). What this comparison illustrates is the potency of the time
spent factor. Given a restricted pool of enlistees for assignment to AF jobs,
optimizing the person-job match might well entail considering the time spent
in performing high-demand tasks across specialties.

GOTT- 8
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Table 3
High-Demand Specialties Based on Percent

of Demanding Tasks

Air Force
Specialty Code Percent of Tasks with

(AFSC) Occupational Specialty Mean Physical Demand 15.0

1. 361XO Cable & antenna systems 39

installation/maintenance

2. 551X0 Pavements/maintenance 24

3. 115XO Pararescue/recovery 22

4. 542XI Electric power line 20

5. 551X1 Construction equipment 18
operation

6. 552X0 Carpentry 18

7. 461X0 Munitions systems maintenance 15

8. 443XOE Missile r',intenance, LGM-25 14

9. 552X1 Masonry 14

10. 463X0 Nuclear weapons maintenance 13

11. 472X0 Base vehicle equipment maintenance 13

12. 472XIA-D Special vehicle mechanics 13

13. 316XOG Missile systems analysis, 12
WS- 33AM/CDB

14. 545X0 Refrigeration and air 11
conditioning

15. 571X0 Fire protection 11
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IWhile this option does offer a refinement not present in Option 1, i.e.,
the time spent effect, it suffers, in our judgment because using a single
index to characterize a specialty may mask the presence of outlying
high-demand tasks. Option 3 is an elaboration of this option that reduces the
concern about a singular physical demand index.

Option 3: Job description profile. Cumulative time spent across tasks
can be computed to generate a job description for first-term airmen that
identifies the minimum number of tasks accounting for a certain percentage of
work time. In this way it is possible to profile the first termer's job using
time spent to moderate the unweighted frequency distributions provided in
Option 1. What results is a task-level representation of the major part of
the job in terms of physical requirements.

This option offers the advantage of a profile to characterize the
specialty as opposed to a singular index, while at the same time it allows the
researcher to distinguish those specialties where first termers spend a
disproportionate amount of time performing high-demand tasks.

Option 4: Percent members performing profile. While time spent is a job
requirements factor of some consequence for physical job requirements
research, percent members performing may be a more logical moderator. Unlike
other job requirements, the physical demand of a job may be a property for
which time spent is not as important a consideration as whether or not a task
needs to be performed at all. If a high-demand task is performed by any first
termers in the specialty--regardless of time spent or. the task--the capability
to perform should exist among job incumbents and the requirement to perform
should be reflected in enlistment standards. As stated before, simple
performance-nonperformance is a defensible task factor as far as physical
demand is concerned. The implicit philosophy associated with this view is
that one cannot ignore the requirement posed by a high-deman(! task even if the
job incumbent spends only a trivial amount of time in task execution. This
view becomes even more defensible when one considers the high-demand tasks of
emergency-oriented specialties such as fire protection. The three highest
ordered fire protection tasks on the physical demand factor involve rescuing
personnel from buildings, aerospace vehicles, and motor vechicles. However,
none of the three tasks ranks above the 115th position on a first termer job
description ordered on time spent. In fact, only one of the three would be
included in such a job description accounting for 75% of the first termer's
time (Option 3). The consequences of allowing time spent to unduly influence
a physical job requirements algorithm for such a specialty are weighty.

CONCLUSION

Further work is continuing on the initial assessment of overall task
demands in the remaining Air Force specialties. The second stage of the data
collection, planned for completion in 1981, is intended to further quantify
the specific types and levels of effort associated with the high-demand tasks
(i.e., lifting/lowering, pushing/pulling, carrying, torquing, etc.) Data from
the second assessment, including informdtion on weights, distances, duration,
and frequency of task performance provides a further basis for objective
validation of the summary ratings and a potential methodology for benchmarking
the supervisory ratings across specialties if that becomes necessary.

GOTT-14
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In the final stages of this work, task demand characteristics would need
to be aggregated at tile specialty level as required for interfacing with the
Person-Job-Match assignment system. Specifications for entry into each
enlisted career field would then be sufficient to insure an optimum
distribution of talent in a period when the Air Force can scarely afford to do
less.
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IIJSTRUCTIONAL SYSTEIS DEVE'LOPMT

ALEXANDER . GOTTESMAN

The mission of a military instructional system is to
determine instructional needs and priorities, tc
develop effective and efficient solutions to
achieving these needs, to Implement these solutions
in a competent manner, and to assess the degrees to
which the output of the system meets the specified
needs. 1

Instructional Sy-.tems Development (ISD) is an orderly approach to cur-
riculum planning, implementation, and evaluation--based on careful analysis
of the job to be performed, the' duties and tasks of the job, and the ele-
ments that make up each task. The ISD process requires attending to indi-
vidual differences i student abilities, achievements, motivation, and
rates and styles of learning.

RELATIONSHIPS TO CURRICULUM DEVELOPMENT

Jobs, duties, tasks, and elements are carefully analyzed. To illus-
trate, figure 12 breaks down the job of a "hospital corpsman" into examples
of duties such as "patient care," "emergency care," and "drug therapy."
The duty of patient care is broken down into examples of tasks such as
"take and record temperature, pulse, and respiration," "take and record
blood pressure," "regulate intravenous flow," and "reinforce dressings."
Finally, examples of elements leading to task mastery are noted, such as
"demonstrate three methods of taking temperature" under the task of take
and record temperature, pulse, and respiration; and "identify equipment
needed for IV therapy" as an element of the task of regulate intravenous
flow.

1. Interservice Procedures for Instructional Systems Development, NAVEDTRA
106A. "Executive Summary and Model." 1975, p 3.

2. Format for figures 1, 2, and 3 adapted from Interservice Procedures for
Instructional Systems Development, NAVEDTRA 106A. - Phase I." 1975,
pp 8-9.

Dr. Gottesm mn is Head, CumricuuZum Branch, Naval Health ciences Education
and Training Commznd, National Naval Medical Center, Bethesda MD 20014.
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TEMPERATURE IV THERAPY

been ondtt&,4

Figure 1. Relation of Job, Duties, Tasks, and Elements to Job Analysis.

Jobs, duties, tasks, and elements are also related to training mission

and objectives as illustrated in figure 2. The .ob relates to "training
mission," duties relate to "terminal objective clusters)" tasks relate to
"terminal objectives," and elements relate to "enabling objectives."
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JOB MISSION

TERMINAL TERMINAL it RMINAL
DUTIES OBJECTIVE OBJECTIVE )BJECT!VE

CLUSTER CLUSTER CLUSTER

TERMINAL TERMINAL TERMINAL TERMINAL
TASKS OBJECTIVE OBJECTIVE OBJECTIVE OBJECTIVE

I1I

ENABLING ENABLING
kLEMLNTS OBJECTIVE OBJECTIVE

Lon inuation has

boon om'itted

Figure 2. Relation of Job, Duties, Tasks, and Elements to Training
Mission and Objectives.

Figure 3 illustrates the rela:ionship of the job, duties, tasks, and
elements to curriculum organization, in that the j determines the
"course," duties determine the "units," tasks determine the "lessons," and
elements determine the "events/activities." We recommend, for example,
that one and only one task corresponds to a terminal objective, and there
is one and only one terminal objective per lesson. A "lesson" may take 15
to 20 minutes or several days depending on ho, much instruction and how
many learning activities are required for mastery of the terminal objective

and ultimately the task.
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JOB COURSE

DUTIES UNIT UNIT UNIT

TASKS LESSON LESSON LESSON LESSON

REMENTS EVENTS/EVENTS/

ACTIVITIESACTIVITIES

*e&For simplic.ity,
0O CoonlinuLatiof has

Figure 3. Relation of Job, Duties, Tasks, and Elements to Curriculum

Organization.

PHASES AND STEPS IN THE ISD PROCESS

Five crucial phases and 19 interrelated steps of the ISD Model Flow-
chart are identified in figure 4. The process would be undertaken as a

iesult of the need to install a new system or procedure, the need for peri-

odic updating of existing jobs, or the result of a needs assessment in any
aspect of training. As with any needs assessment, a discrepancy may exist

between whaL should be and what is. The flowchart begins with such a dis-

crepancy as the entry to Ph;se I (Analyze).
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DISCREPANCY

Revise As Required

EPHASE I PHASE 11 PHASE III PHASE IV PHASE V*
ANALYZE DESIGN DEVELOP IMPLEMENT CONTROL

ANALYZE ANALYZE DEVELOP LEARNIN. INSTRUCTIONA CONDUCT
JOB OBJECTIVES EVENTS/ MANAGEMENT INTERNAL

COURE EETS MPLAN | EVALUATION

1.2 1 .2 SPECIFY 111.2 IV.2 V.2
SELECT DEVELOP INSTRUCTION CONDUCT
TASKS/ MANAGEMENT CONDUCT EXTERNAL

FUNTIOS TESTS PLAN & DELIV- INSTRUCTION EVALUATIONFUNCTIONS [ ERY SYSTEM| , EAUT,,[

1.3 1.3 11.3V.3
CONSRUC REVEW/REVISE

UJOB DESCRIBE SELECT SYSTEMPEFRAC ENTRY EXISTING

F r 4 MEASURES BvyVO Rt MATERIALS

' OETERMINEDNSRCTOA J SEOUENCE DINSTUCTON
SETTING ANDINTUIO

- - - . . _ .-. STRUCTURE.r4,.... . ..-

VALIDATEINSTRUCTION

Figure 4. The US Navy ISD Flowchart.
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In the US Navy's systems approach, curriculum development for any pur-

pose, .g., a new course, would logically begin with step I.I. The ISD
model, however, permits entry at any level depending upon our knowledge of
existing courses. We may begin with step 1.4 (Analyze Existing Courses)
and determine only minor revision in step 1.5 (Select Instructional Set-
ting) is necessary for Phase I. Further analysis of the design of an
appropriate existing course could be approved with only the need to update
materials of instruction--followed by the minor changes new material would
require in developing and validating instruction.

Before explaining the 19 steps identified in figure 4, a brief defini-
tion of the remaining four phases is necessary. Following the Analyze
Phase:

SDesign the form and specifications for training based on input from
Phase I.

* Develop, in turn from previous input, the actual program of instruc-
tion.

& Implement according to procedures outlined in step 111.2 (Specify
Instructional Management Plan & Delivery System) and continue as long as
there is a need for instruction.

Control the procedures and techniques for monitoring quality control
of instruction and also continue as long as there is a need for instruc-
tion.

Formative and summative evaluations are built into Phase V (Control),
but formative evaluation occurs throughout the steps of the ISD model. The
feedback loop (illustrated by the heavy black line in figure 4) serves as
the change mechanism at appropriate steps if deficiencies or irrelevant
instruction occurs. Revision as a result of evaluation is possible at any
phase in this closed-loop system.

Figure 5 briefly explains what is done in each of the steps of the ISD
process identified in figure 4.

QU:, 11TY CONTROL

Two key quality control measures are imperative in monitoring ISD.
These are adequacy and consistency. Adequacy is vital throughout the five
phases of the ISD process and is assured, for example, when:

Objectives accurately reflect the intended student performance after
training.

* Objectives clearl> state the conditions imder which student perfor-
mance is expected.

• Objectives concisely specify the criteria for measuring student per-
formance.

GOTTE-6
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ANALYZE DESIGN DEVELOP IMPLEMENT CONTROL

1.1 Analyze II.1 Convert 1I1.1 Classify IV.i Implement V.1 Conduct
job to be per- each task into objectives ac- management plan internal eval-

formed to de- terminal objec- cording to to train or uation by ana-

termine what it tive to deter- learning cate- orient teaching lyzing learner
done, when it mine enabling gories (skills, staff and to performance and
is done, order oijectives and information, select training instructor
done, and con- learning steps attitudes) and managers for feedback to

ditions under for mastery. select most ap- program admin- determine de-
which job is propriate istration and ficient or

done. 11.2 Develop learning activ- collection of irrelevant in-

test to match ities (prac- evaluative struction and
1.2 Determine each objective tice, media, data. suggest solu-

criteria for consistent with discussion). tions to prob-

selection and conditions. IV.2 Process lems.

lint tasks se- 111.2 Deter- students, ob-
lected for in- 11.3 Develop mine how in- tain resources, V.2 Conduct

struction. pretest to struction is to conduct in- external eval-
determine entry be packaged and struction, and uation by

1.3 Determine level and/or to presented to use feedback to assessing job,
performance bypass objec- students by se- improve pro- duty, task per-
standards for tives already lecting appro- grdm. formance on the

tasks by ob- mastered. priate media job--compare to

serving/inter- and developing others not
viewing job 11.4 Determine a plen to allo- trained.
holders and independent, cate and manage

verifying with dependent, or resources for V.3 Decision-
subject matter interdependent conducting in- making process

experts. objectives for struction. to revise
scope, se- Phases I to V

1.4 Analyze quence, and 111.3 Review as needed.

existing structure. existing mate-
courses to see rials to deter-
if part or all mine which can
of the analysis be used, should
has been done be revised, or
(ISD Mode). can be used in

developing new

1.5 Determine materials.
most suitable
instructional 111.4 Develop

setting for instruction
each task (initial plan
(e.g., individ- to include ma-

ualized in- terials, pro-

struction, OJT, cedures, and

formal course, media for

trischool). teaching/
learning).

111.5 Validate
iastruction
(try out in
small groups
and revise
above).

Figure 5. Explanation of Steps it, the Five ISD Phases.
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* Tests accurately and fully measure performance or cognition.

e Tests contain only items that are well-constructed, clear, and

biguous, and they do not give away answers.

* Tests include items that provide opportunities for students to make
errors commonly made on the job.

* Presentations reflect sound principles of learning and teaching.

* Presentations are performance oriented, i.e., directly related to
job/task mastery.

Consistency is essential through the analysis of job, duties, tasks, and
elements, as well as among/between tasks, objectives, test items, and
presentations. Consistency is assured, for example, when:

* Objectives accurately correspond to tasks or elements and conform to
the purpose of training, i.e., preparation for a job.

* Test items are congruent with objectives through matched conditions,

standards, and actions.

* Presentations parallel objectives and test items by providing
learning experiences identical to conditions of the objectives/test items
and correspond to on-the-job conditions as much as possible.

OUTPUT

What can be expected by developing curriculum according to the ISD

process? We find that ISD provides effective and efficient training for
the job and attends to cost justifications. Moreover, ISD optimizes the
proportion of entering students who meet acceptable job/task performance
standards by the end of training.
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HALTRECHT, Ed., Ph.D., Ontario Hyd4ro, Toronto, Ontario.

CODAP: INTRODUCTION AND USES IN A LARGE PUBLIC UTILITY (Wed A.M.)

Ontario Hydro is a large public utility employing close to 30,000
employees. In attempting to develop a method of establishing training
priorities, we recognized the need for a viable occupational analysis
system. CODAP was introduced in 1977 and used experimentally with one
occupation. Problems of operationalizig and "selling" the system were
overcome. Eleven additional occupations have been completed during the
ensueing 3 years. The CODAP data has been used primarily for training
purposes. Some work enabling trainers to easily make use of the data
has been fairly successful. Work on training course analysis,
managerial analysis and safety is currently underway.

This paper is not an in-depth analysis of any one particualar

application but a general overview of our solution to problems
encountered in obtaining, introducing, operating, selling, and actually
using CODAP and CODAP-generated information. While the emphasis is on
training, some discussion of future applications will be presented.

'tAL-O

rLII

ILAL-0



CODAP: Introduction
in a Large Public

Utility

Dr. Edward Haltrecht, Ontario Hydlro, Toronto, Canada

INTRODUCTION

Good morning. I manage a small applied personnel research unit
consisting of eight professionals in Ontario Hydro. Ontario Hydro is
the largest electrical utility in Canada and second largest in
North America. Its operational area extends roughly a thousand miles
from east to west and covers a quarter million square miles. It is a
public utility selling electrical energy at cost, earning neither a
profit, nor receiving funding from the tax base. Its interconnections
with other jurisdictions place the corporation in the massive
North American grid.

We generate electricity from water, the burning of fossil fuels and
nuclear power, in roughly equal amounts.

In 1979, Ontario Hydro employed an average of 28,385 pcrsons.
Approximately a quarter of these form the professional group,
including engineers, scientists and managers. Another 20% are part of
the clerical support services, with the remaining 55% in relatively
few, large occupational classifications, (e.g. .200 power linemen).
In addition, there are several other occupational groups which are
small in number, such as a single boat captain and newspaper editor.

ACQUISITION OF CODAP

With this as a backdrop, I would now like to tell you about our
acquisition of the Comprehensive Occupational Data Analysis Program
(CODAP) system - I will briefly address the reasons for wanting it;
how we obtained it; how we sell it to management and users; our
organization for operating it; some methodological issues, our
accomplishments; and plans for the future. You are fortunate in that
I only have 30 minutes to cover these areas.

We first heard about CODAP from Dr. Raymond Christal at the 1973 MTA
Conference. We recognized that CODAP is a management information
system, whose output addresses issues related to organization
structure, training needs analysis, job re-engineering, performance
appraisal, among others. We wished to obtain the system, but felt
that we would need a long term strategy to ensure that the trans-
planting of CODAP into Hydro would be successful end that it would not
be shelved. Our strategy was to acquire this complex system only
after we had an initial problem to solve, along with a visible and
important client. If we could demonstrate CODAP's utility in solving
such a problem, we would have earned the prililege of applying it
elsewhere.

Paper presented to the Military Testing Association (MTA)
Conference, October, 1980, To ;nto, Canada.
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CODAP's debut turned out to be a training needs analysis in the
Nuclear Mechanical Maintenance trades area. It may be interesting to
note out rationale. First - why training needs analysis?

1. Changes in training (particularly cut-backs) can result in
substantial resource savings - a common goal of line management.

2. Many of our trainers felt that there were either excesses or
deficits in our programs. They had trouble in defining these,
and management was reluctant to reduce or expand training without
supporting data. In this respect a real information gap existed
in Hydro, and our probability of success in filling this gap was
high.

3. We felt that the unions would be more receptive of occupational
analysis supporting training decisions as opposed to other areas
such as performance appraisal, and job re-structuring.

4. While Hydro has systems in place to define jobs, establish pay,
assess performance, no such systems existed for trades training
needs analysis - in other words, we were not about to step on
anyone's toes.

We chose the mechanical field because:

1. The trainers felt that they underst:ood it best and would readily
recognize a valid job, and

2. The mechanical task inventory would not be too complex as
compared to operator (signal detection) type tasks.

To recap for a moment, we first heard about CODAP in 1973, and subse-
-quently kept in touch with then Commander Bruce Cormack of the

Canadian Armed Forces. Bruce walked us through our first study using
the IBM version. With Ray Christal's support and the extraordinary
generosity of the U.S. Government, we received the UNIVAC ve,-ion iJn
November of 1976. Within 3 months and many telephone conversations
with Johnny Weismuller at AFHRL we had an operating system.

Unfortunately, we were too successful in our first endeavour and were
forced to spend the next 3-1/2 years establishing training needs for
just about every other trade and professional group in the
organization.

In short we changed from a research function to an operational one.

The size of our research group made it impossible to both provide an
adequate service in terms of establishing training priorities as well
as doing the necessary researcb to rigorously test some of the ideas
that we had with respect to using the CODAP system in non-validated
ways. We are pleased that the anticipated operational load seems to
be reduced for 1981. This will enable us to do the basic research
that we feel is required. j

IIAL-2 '
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ESTABLISHING TRAINING PRIORITIES

In attempting to introduce CODAP to the training community we
basically had two choices: (1) to focus upon the problem and show
that among the various alternatives, CODAP seemed to be ideally suited
to solving that problem, or (2) to focus on CODAP itself and demon-
strate how it can be used to solve problems.

We chose the former option. We argued that if training resources were
limitless, they did not have a real problem. They could teach every-
one everything for whatever dollars it took. However, since we are
held accountable for dollars, and training time, we argued that the
problem was one of establishing training priorities. To do so
required a model, which we could not readily locate. Using material
presented by the CODAP community, we worked to the model by successive
approximations. It began with an arm-chair front-end analysis. We
thought that we could improve the CASUAL system by documenting what
was being done by job incumbents. While this would provide a "go
" no-go" training decision based upon whether a task was performed or
not, we would still need additional information to establish a
priority among these "performed" tasks. Collecting data on the number
of workers performing each task seemed to be the next logical step.
Priorities could simply be based on this data. However, how would we
determine priorities for several tasks performed by equal numbers of
workers? We introduced the time dimension, arguing that many tasks
performed by equal numbers of job incumbents could be ranked based on
the amount of time each task was done. The model is simple - provide
information to trainers which documents how many and for what percent
of time job incumbents perform each task.

We then presented data from a study which indicated that 95% of a work
group changed in and out of work clothes, a larger number swept the
floor, while, except for practice, no one gave artificial respira-
tion. We argued that using our model, we would have a course on how
to sweep the floor, change work clothes, and would of course ignore
the teaching c'f uti.L.2Aal respiration. We obviously required addi-
tional information. We noted that information sources include the job
incumbents as well as supervisors and experts. Table 1 summarizes the
additional types of information that we suggested might be appropri-
ate. Based upon the consequences of inadequate performance, and task
learning difficulty, we rationally set priorities for the tasks in the
aforementioned example. We then considered optional job analysis
techniques which could be employed to gather the required information
such as observation, interview, etc. The inventory technique was
selected, as was CODAP and our first client - the Nuclear Generation
Division.

Our problem, now, was to implement CODAP. Among our options, two
captured our attention. First, increase our research group and form a
section responsible for the generation of inventory booklets, the
distribution and collection of booklets, lifting of data, data
analysis and final interpretation. Unfortunately, circumstances
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pre-empted this. At the time that we were bringing CODAP into the
organization, Hydro was attempting to limit staff grcwth making
further expansion impossible. Secondly, we are a research unit and to
expand into the operation area did not seem to match our philosophy.
Our second and subsequently selected choice, was to integrate the
running of CODAP with the training department user groups. In essence
one of our staff became familiar with the art of writing items and
taught each of the training groups in the organization how to do
likewise. By working in such teams we were able in each case to
generate the inventory. In a sense, we captured additional staff by
working very closely with users. The development of the inventory ir.
this manner probably took longer had we done it ourselves, but we had
few choices. I might add that the experience to date by using such a
system is very positive. The user groups identify .ith the system,I; are extremely familiar with all the items, and ~-dit fairly easy to
interpret the final data analysis.

In terms of running CODAP, we had an individual spend about six months
in learning the system. This individual, who was not a computer
specialist, did have several years of experience in the use of canned
programs such as SPSS. Our team consisted of 3 individuals from
research - a programmer, an inventory specialist, and myself; as well
as up to 5 captured user group members. By working closely with them,
we now have a large community of sophisticated CODAP users in the
organization. It is little wonder that we are starting to find that
community placing more demands on their data.

Incidentally, we weL-e worried that some users, receiving a free
service, would passively request our services. In the long term we
felt this to be detrimental. We decided therefore, to charge for
printing, travel, and computer processing. This did not limit our
customers - perhaps we should have charged more.

DATA GATHERING AND PROCESSING

In most of our studies we inventory the entire population, usually
consisting of 200 to 600 members. We now collect task factor data
(learning difficulty, etc.) prior to gathering job incumbent data.
When the 20 or so supervisors and experts scrutinize the inventory in
scaling task factors, they provide an excellent critique of our
items. We have often modified our inventory on this basis.

We employ the services of a local optical character reading (OCR)
company to lift our data. The system is somewhat clever. It can
detect if an individual placed more than one response mark for an
item, and erased the unwanted ones. It then determines the most dense
response and saves it for output. When such a decision is made, it
provides a list of the book, page, and line number for us to verify
that the proper response was selected. The system is also capable of
reading hand printed and typed alphanumerics. The final output is a
computer tape in the format required by the first CODAP program.

HAL-&
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IMPLEMENTATION ISSUES

A) CREDIBILITY OF CODAP DATA

One of the most frequent questions asked by managers, is how do we
know that employees are honestly completing the inventories? We
referred to validation studies that have been done by others. We
also graphically presented one of our studies dealing with six
thermal generation plants and the same trades group (see Figure
1) . The data were ordered in descending order of percent members
performing across duty headings for one of the plants. That is,
we forced the smooth function by changing the duty heading order
on the abscissa for one of the six. We then plotted the results
for each of the other five stations, on the same graph. The
curves ;ere almost identical with the exception of one station on
one duty heading - welding (J). Upon investigation, it was
realized that problems a;: that plant demanded an excessive amount
of welding. With this type of analysis, we have had no further
challenges as to the credibility of CODAP generated information.

4 B) CONFIDENTIALITY

It appeared that a demand for identification of respondents, which
is recommended by most CODAP users, would almost be impossible in
a union environment. We, however, asked for names on a volunteer
basis. The percentage of individuals doing so ranged between 85
and 97% over our 13 studies.

C) END USER TERMINOLOGY

It became apparent that while we in the research group understood
and obviously enjoyed terms such as "policy capturing" and
"multiple-R", our user joups, educated in other disciplines, were

uncomfortable. They had problems in making training changes on
the basis of a task statement, followed by up to 8 numbers (each
with two decimial places) representing such factors as percent
members performing, percent time spent, task learning difficulty,
and safety consequences. To aid the end users, we dra °, frequency
distributions of number of items and scale values (see Figure 2).

The trainers divide the distribution into several categories. For
the example in Figure 3, items scaled above 6.25 on the
consequences ofinadequate performance were labeled "H" on HIGH.
(Eighty-five such items were so labeled.)

We then list all tasks along with the category labels representing
the factors of interest. For example the task - "Make a final
selection decision" was found to be H, M, M (high, medium, medium)
for "consequences of inadequate performance", "task learning
difficulty", and "part of job" respectively. The decision table
used (see Figure 4) led to a change in training - it became part
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of the training program. The "X's" in Fiaure 4 indicate the
conditions for training course inclusion. Only when a task is
scored H or M on consequences, learning difficulty, and part of
job will it become part of the curriculum. I understand that a
new CODAP program soon to be released will do the above work for
us more readily.

Using the same type of categorization, an overall training profile
analysis is also generated. The horizontal axis in Figure 5
represents the notion of task criticality while percent mumbers

performing is presented on the ordinate. If a high percentage of
employees perform a task that is also rated high on the other
factors such as learning difficulty, the task will be a candidate

for off-site training as a core-task. This means that all members
of that occupational group will be expected to learn how to
perform that task. On the other hand, an equally "critical" task

performed by a low percentage of members would be taught off-site
to only those specialists required to perform the task. Tasks
with low critical rating would be taught on the job as either a
core or specialized task.

Another aid that we have adopted is the plotting of percent
performing histograms for tasks, across apprenticeship year.

Figure 6 represents six such tasks. In each group the bars
represent subsequent years from left to right over a four year

training program, ending with the journeyman. In task B31, we see
the probability of task performancp increasing with apprenticeship
year. For B31 there is a very good chance that any one individual
would have performed that task upon graauation to journeyman. In
task B6, on the other hand, the system is such that there is only
a very slim chance that an individual will have been called upon
to perform this task. The trainers were able to use this data to
convince the generation station managers to alter field
experiences. Task Bl is a very simple task and poses no problem
in that everyone is involved, commencing early in their caree:.

D) OTHER SCALES

We are currently examining the use of some unique scales. For
example there are two which deal with safety. The first asks for
the likelihood of an accident if standard operating procedures are
ignored, and the second asks for the probable severity of such an
accident. An individual using a hammer carelessly will probably
have an accident that is not too serious.

E) ANALYSIS O' MANAGEMENT TASKS

We think one of the biggest challenges for us is the area of
managerial occupational analysis. The literature suggests a
number of factors that could be used by managers to rate tasks,
such as importance, frequency, relative time, complexity and so
forth. We decided to try relative time and importance. In our
first managerial study we combined these in a matrix (see
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Figure 7). We instructed job encumbents to assign a 7, 8, or 9 to
those tasks that were extremely important. Further, they should
distinguish between the 7, 8, or 9 on the basis of the relative
time that they spent doing those tasks. In other words a 7 was a
task that was seen as very important with very little effort or

time spent on it. A 3 was a task that was deemed to take quite a
bit of their time and yet was low in order of importance. Percent
members performing data are not affected by using the matrix. The
9 point scale, being multi-dimensional, is problematic. But ours
was ar "explicit" multi-dimensional scale - even an apparent
"single dimension scale" called part of job may be implicitly
multi-dimensional.

Mcre recently, we had managers and professionals score each task
twice - once on importance and once on relative time spent. The
results are just being analyzed and appear to have some utility.

F) TRAINING COURSE ANALYSIS

In most of the Hydro trades areas analyzed to date, the training
is designed for a specific and well-defined population. For
example, we have a 9 month training program for the nuclear
mechanical maintenance tradesmen. CODAP generated date has led to
V'e.y specific changes in that particular curriculum - new tasks
I.I.ng taught and others dropped.

On the other hand, a centralized group serving the entire
corporation offers several in-house management and supervisory
courses. These are from 2 to 21 days in duration.

The content is general enough to scrve a wide range of management
and professionals including chemists, electrical engineers, and
behavioural scientists. It is not always practical to tailor make
any one course to exactly fit the needs of the heterogeneous
groups loaded on that course. In addition, there are a number of
outside courses into which many of our professionals wish to
enroll. One pioblem is to establish who should be loaded on what
course. Another is to establish whettler or not the current
curriculum offers enough training, or if there is too much overlap
between courses. To address these issues, we have begun to
investigate a use of CODAP which I call training course analysis.
We had the trainers complete a management task inventory for each
of the courses they offered. Each inventory was filled out by
trainers as if the course was "a person" except the scale dealt
with "current training emphasis". A task greatly emphasized in a
training course was scored as a 9. A task not covered was scored
as a 0. The completed booklets, one per course, were treated as
people and trucked on the cluster diagram. We are now analyzing
the resultj.
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analysis of overlap among courses may provide evidence of course
content redundancy. Finally, gaps in course content would be
identified by difference measures between the courses as a group and
the overall job description.

CHANGE

We are often asked how CODAP may help to change job content. In a
parallel study to course analysis described above, we plan to provide
management with inventory booklets. They would complete one booklet
for each job as they would like to see it crea-.d. In other words,
they will provide target job descriptions. To aid them, we plan to
experiment with two techniques. In the first case, they would have a
free hand and no CODAP generated data. They simply would use the
9-point scale to indicate what relative time they wish a group of
employees to spend on each task. In the second case, we would provide
CODAP job descriptions for a target position. We would then use a
scale where, for each task, senior management would indicate their
desire for more, less, on the same amount of time to be spent by job
imcumbents.

In each case, the data would provide a desired job description which
would be treated as "people" in the cluster programs. The Cluster
diagram, in addition to overlap with the theoretical positions, could
indicate which job incumbents come closest to these theoretical jobs.
Group differences would tell us what current tasks would have to be
dropped and waht new ones would have to be picked up to bring these
workers closer to the jobs as ideally described by management.

RESULTS TO DATE

I would like to close by indicating some typical training cost-savings
realized to date, on the basis of CODAP data analysis. With a few
recent changes, the Nuclear Generation group is saving over one
million dollars annually with reductions in training to their
professionals and trade groups.

Just two training decisions for a trades group in our Thermal
Ceneration Division has led to an annual savings of $186,000.

Analysis for a group of Hydraulic Generation electricians led us to no
training time savings but the re-distribution of training effort has
improved their training profile.

We have come a long way, and ar-t pleased to be part of an active
community of very dedicated scientists helping us go the next mile.
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INFORMATION

TO DESCRIBE TO DESCRIBE
JOBS JOBS

(FROM INCUMBENTS) (FROM SUPERVISORS, EXPERTS)

. RELATIVE TIME SPENT CONSEQUENCES OF INADEQUATE
PERFORMANCE

LEARNING DIFFICULTY
. PART OF JOB

- DEGREE OF IMPORTANCE NEED FOR IMMEDIATE
PERFORMANCE

• DESIRED TASK OCCUR ..CE

. SAFETY - ACCIDENT PROBABILITY

-• - ACCIDENT SEVERITY

• CURRENT TRAINING EMPHASIS

• TRAINING REQUIRED

4

4

'rABLE 1 Types of information which may be used to establish training
oriorities.
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CONSEQUENCES OF IiADEQUATE
PERFORMANCE
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Importance to Job

Low Medium High

1 4 7
0

2 5

, G

3 6 9

FIGURE 7 - Response Matrix Defining Part of Job.
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HANSEN, K., Psych Systems, Baltimore, Maryland.

DISTRIBUTED PROCESSING CONSIDERATIONS IN COMPUTERIZED TESTING SYSTEM
DESIGN (Thu P.M.)

Distributed data processing is a technique in which an application
is segmented and its processing load is equitably distributed across
several processors. The volume and geographic distribution of the
military's testing needs suggest that certain concepts of distributed
processing may be useful in design of a computerized testing system.

Adaptive testing, a form of administration likely to be adopted
with computerization, requires a high level of computational power at
each testing station. This may be obtained by providing a processing
unit at each testing station or by accommodating several stations with
a single shared processor. The processors can then be connected, in an
appropriate network topology, resulting in very cost-efficient testing
stations not requiring substantial mass-storage capabilities at each
testing site. The individual processors can collect and temporarily
store test data, forwarding the information to a more appropriate data
base management system for maintenance and manipulation.

'I

This paper disc.,Fses the rationale for a distributed approach to
computerized tes. rg. Considerations relevant to interfacing the
various devices throughout a military testing network are discussed.
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DISTRIBUTED PROCESSING CONSIDERATIONS

IN COMPUTERIZED TESTING SYSTEM DESIGN

Kenneth E. Hansen

The utilization of computer technology for the developr. -

automated testing systems has a number of distinct advantages. Some
benefits of this approach have been illustrated in various eva1  

4ion

studies (cf. Klingler, et al., 1977). Computerized testing sys are
now commercially available and are being utilized in disparate sou." es
ranging from the diagnostic screening of psychiatric patients
(Johnson, Giannetti, & Williams, 1978) to the screening of drivers
license applicants.

Much of the research and developfrent that has been conducted in
the area of computerized testing has direct application to military
testing needs. However, since military testing applications would
likely be conducted on a very large scale, with a significant number
of individuals being tested at many different testing sites, the question
arises as to what t.e most appropriate approach would be to meet
this demand. One such approach would be to connect various computerized
testing systems together to form a network and to distribute the
processing amongst the various computers. Some of the concepts of
networking and distributed processing, as well as their implications
to military testing, will be discussed in this paper.

NETWORKS

The initial ideas -bout computer networking began with the
introduction of time-sharing techniques and the development of
data communications technology in the late 1950's. Time-sharing
systems were typically constructed of a large central computer acting
as a host to several remote terminals. As increasing demands were
placed on the systems, some single host computers were replaced with
multiple, connected computers, thus forming small computer networks.
In these situations, the host processors per.formed large computations,
controlled data bases, and supervised network operations. As
computer technology developed, networking became more individualized
and customized to the requirements of the situation. Individual
processo were assigned to specific tasks and programmed to communicate
with other processors and data base files. This approach resulted
in easier software development and improved tolerance to system
failures (Digital Equipment Corporation, 1974).
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The computer network currently offers a number of significant
advantages. By segmenting an application, a network of smaller
computers can handle a distributed processing load more economically
and can provide more processing power than would be possible in a
single large computer. A network of computers also has the ability to
grow relatively easily as increasing demands are made upon it and
allows software to be broken down to a more manageable level, thus
resulting in an overall reduction of programming time and related
costs.

The primary advantages of utilizing a computer network are,
then, the conveniences and economics that are achieved throughresource-sharing. By linking several computers together through
communication links, resources available at each location on the
network are made accessible for use at any other location on the
network. These shared resources might include devices, files,programs, and data.

NETWORK TOPOLOGY

The topology of a network refers to its geometric arrangement
of links and nodes within the system. A link (circuit or channel)
is the communication path between two nodes. A node is defined as
an end point of a channel or a junction of a circuit. A node might
consist of a combination of equipment including: a remote computing
system, a host computer, a computer devoted to network control functions,
or simply a remote terminal.

Network topology is related to network design, operations,
reliability, and operating costs. A fully connected distributed
network has more links for the same number of nodes than either a
partially connected network or a simple star network. The major
factor in determining the most appropriate topology of a network
relates to the application. Several typical network configurations will
now be discussed to illustrate some possible approaches.

The star configuration, or centralized system, is illustrated
in Figure 1. In this approach, all users communicate with a central
host that has supervisory control over its entire network. Remote
users can communicate with each other only through, and by permission
of, the central system or host processor.

A tree structure cr heirarchical configuration is often used to
supervise and control certain real-time applications. This structure,
as illustrated in Figure 2, minimizes the communication links necessary
in a network. However, this type of network can be separated by a
failure of one communication node; thus, it should be used only where
communication failures can be tolerated. The tree configuration
simplifies control programming or network supervision, and is relatively
inexpensive. Therefore, it is apt to be the most practical system in
a medium sized or small environment.

In the loop or ring structured network, as illustrated in

11!d! -2

.. . ~~ . . .,t 
'



Host
Processor

It

Remote Device

FIGURE I
STAR CONFIGURATION

fHos t
Processor

Remote L
Processor

o / /

Remote
Device

FIGURE 2
TREE STRUCTURED NETWORK

HAN-3



Figure 3, many of the remote stations (terminals or computers)
connected to the ring do not communicate with the main site or
host processor individually. Instead, the data to be transmitted
is looped around the network.

The loop structured network is economical when several remote
stations and host processors are located near each other. When remote
stations are geographically disbursed over long distances, line costs
may prove to be prohibitive.

Figure 4 illustrates a distributed system with a multi-star
configuration, where there are several connnected hosts, each with its
own set of users. Such a distributed structure offers considerable
advantages in reducing the cost of terminal communications by per-
mitting installations to be located near concentrations of terminals.
If properly designed, distributed networks can offer significant
reliability advantages, since a failure at one node does not affect
the rest of the network.

In applications where the reliability of continuous communications
is important, a fully distributed network, as shown in Figure 5,
in which every point is connected to several neighboring points, may
be preferable. The additional transmission.paths provided in this
type of network improve the overall performance of the structure.
However, because of the redundancy in the communication paths, the
associated costs are increased.

NETWORK COMPONENTS V
A computer network is constructed by assembling various hardware

and software components. The hardware components can be described in
two general categories. First, there are the computers themselves,
with associated peripheral equipment. he-computers may serve as
applications processing facilities, or may be devoted specifically
to network control functions. The selection of appropriate computers
to serve as hosts or nodal processors is of vital importance when

designing the network. The goal in such design is to distribute
the processing load to the various computing facilities to result
in a cost effective system of greater efficiency. Different types
of computers with different processing or storage capabilities can
be effectively mixed in designing the network.

The second general category of hardware components consists
of the various communications modules, including interfaces, modems,
and the communications channels or facilities. Communications
channels are lines for transmitting signals. These channels are
typically obtained from common carriers and may access the public
switched telephone network, or may be obtained on a private leased
line basis. A modem is a device used when a computer sends data
over the telephone lines. The modulator portion of the modem converts
digital pulses, originated by the computer or terminal, to analog
signals acceptable for transmission over telephone lines. The
demodulator reverses this process, converting the analog telephone
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signals back into digital data acceptable to the equipment. Modems
transmit data in steady streams (synchronous) or in packets of data
(asynchronous). Asynchronous modems tend to be somewhat less expensive,I but they are also restricted to lower transmission speeds. One of the
most commonly referenced characteristics of the modem is the speed
or data rate, expressed in baud or bits per second. Within the Bell
System, modems are referred to as Data sets or Data phones. A device
similiar to the modem is the acoustic coupler. This type of device
accepts serial data from computer equipment, modulates it into the
audio spectrum and produces the modulation as audible tones. Acoustic
couplers are equipped with fittings that accept conventional telephone
hand sets and couple the acoustic signals directly into the mouthpiece.
Acoustic couplers enable any conventional telephone to be used as
a data terminal.

A line interface provides a means for a computer system to commun-
icate with a peripheral device. The peripheral device, such as a
Cathode Ray Tube (CRT) terminal, may either be located locally with
a direct line to the interface, or at a remote site via a modem and
communication line. Interfaces generally conform to the electrical
and logical standards of the Electronics Industry Association (EIA).

The software elements necessary in a network can be described
in three general categories, although there.is considerable overlap in
their functionality. The first major type of software can be described
as system software. This software can be defined as an organized
collection of programs designed to increase the efficiency of a computer
system by providing common functions to all user programs. System
software is also referred to as the "operating system". System software
can vary in size and complexity, but usually provides control in
monitoring program execution, management of system resources, and
control of input/output (I/O) devices.

The second category of software necessary for a network application
is the data communications software. These are programs and routines
necessary to send data, commands, messages, and status from one
computer to another or from one computer to another device. The data
communications software typically consists of the line control module
and the network control module. The line control module assists in
providing error free communications between the various nodes in
the network. The network control module supports interprocess
communications in the network. It deals with creating links between
processes, routing messages over the links, and acknowledging and
diagnosing the message flow in the network.

Fortunately, formal sets of conventions governing the format and
relative timing of message exchange between two communicating processes
have been adopted. These rules' for communication system operation are
referred to as protocols (McNamara, 1978). Several different protocols
are available, examples include IBM's Binary Synchronous Protocol (BISYNC),
Digital Equipment Corporation's Digital Data Communication Message
Protocol (DDCMP), the International Standards Organization High-level
Data Link Controls (HDLC) and IBM's Synchronous Data Link Control (SDLC).
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The final software component can be referred to as the application
software. ihese are the programs which accomplish a specific user
designed function. Application software typically utilizes higher
level language compilers or interpreters, such as Fortran or Basic.

I SUMMARY

A project was recently completed by Psych Systems, Inc. for
the United States Air Force which serves to illustrate the planning
involved for a distributed approach. The project called for a small
portable system to provide vocational interest measurements on incoming
recruits. The resulting prototype system consisted of a Digital

OEquipment Corporation LSI 11 Microprocessor, 64K bytes memory, two
tape cassettes with total mass storage capabilities of 512K bytes, a
30 character per second matrix printer, and necessary interfaces. In
this system, the backplane containing the processor, memory, and
peripherals is located within the CRT housing. The system has the
capability to communicate asynchronously with other equipment, either
locally or by attachment of a modem to a remote system. By simply
inserting a new interface module into the backplane and adding the
appropriate communication software, this system could communicate
with a majority of processors commercially available, and would
support several of the communication protocols previously mentioned. Such
a system also has the flexibility to increase its mass storage and
computational power, while maintaining its ability to interface to a
communications system.

Considering the size and scope of the military testing needs,
concepts of distributed processing and networking appear to have much
merit. This type of an approach could result in many benefits to the
military. First, by segmenting the processing load, the application
software is more manageable and more easily maintained. Second, as
additional demands-!evelop, additional testing systems can be added to
the network, thus obviating the need for continual upgrades of a single
computer system. Third, the military's testing requirements are
diversified and continually changing. Limiting the number of terminals
dedicated to any one processor would result in more processing power
at that site. This would be an important fact in considering the
anticipated implementation of contemporary adaptive strategies.

fFourth, a network can be constructed such that adequate redundancy is
integral to the system. This would result in an overall decrease in
downtime cuased by any malfunctions. Thus, an appropriate networkf design is a very cost-effective approach.
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HISS, Richard H., 'HOMASON, S., and WENGER, W., Essex Corporation, White
Sands Missile Range, New Mexico.

HUMAN FACTORS DATA COLLECTION TECHNIQUES DURING FIELD TESTING (Tue P.M.)

Traditional approaches to Human Factors testing have usually
relied upon questionnaire evaluations and the use -of detailed
checklists. Both of these approaches are more suitable for a
laboratory or classroom setting where the environment is closely
controlled and relatively few events are occurring at the same time.
The approach to be described here has been used to perform Human
Factors testing on systems in the field operating under more or less
standard battle emplacements. For these types of situations many
events are occurring simultaneously and it is difficult for one ot two
observers to monitor these events.

Our approach has been to train SOMTE (Soldier, Operator,

Maintainer Test and Evaluation) personnel as human factors data
collectors and use them during field exercises. This training takes

advantage of the soldier's knowledge of the system, which most HFE

personnel do not have; it allows for greater mobility for data
collectors during testing, and it drastically reduces the need for

additional HFE personnel during peak data collection periods.

This technique has been used to gather field data on the PATRIOT
Air Defense System during recent tests at White Sands and has proven

satisfactory and very reliable.
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HUMAN FACTORS DATA COLLECTION TECHNIQUES
DURING FIELD TESTING

R.H. Hiss, W. Wenger, W. Talley, and S. Thomason

ESSEX Corporation
P.O. Box 147

White Sands Missile Range, NM 88002

1.0 INTRODUCTION

During planning for the HFE evaluation of the PATRIOT Air Defense
System, it was concluded that the HFE scientists assigned to the
project would be severely overloaded when testing involved many player
participants and pieces of equipment spread over a large area. It
also appeared likely that this state of affairs could become a common
occurrence in the test and evaluation of future systems. A method was
therefore needed to expand the HFE data collection effort by supplementing
the HFE specialists with lay personnel trained in HFE data collection.
The Data Collector Orientation (DCO) was developed as a training aid for
that purpose. Due to the complexity of the PATRIOT system, it became
paramount that these data collectors should be experienced with the
system. The effectiveness of system naive, briefly trained data collectors
would be minimal. The primary requirement in using the DCO, therefore,
is that data collector trainees are system experts, able to apply their
HFE training to the collection of HFE data on a familiar, complex system.

2.0 PREPARING THE DCO FOR USE

The DCO is designed to meet those common needs of HFE specialists
evaluating different systems. HFE tools, constructs, and procedures not
relevant to the general data collection mission are not addressed. The
applicability of the DCO to other systems will, of course, vary. Terminology
and examples that are PATRIOT specific are presented as an example, and
these terms and examples must be modified to fit a particular system. To
complement the training, a data collector's handout* is distributed to
each student. Ample copies, suitably modified for the applicable system
should be produced prior to instruction. The DCO consists of a brief
introduction to HFE, instruction in the data collection techniques to be
used, and a practical exercise with at least two scenarios. The scenarios
should be video taped and must be developed by the instructor to agree
with the Task-Time Checklist used. Performance of the scenarios in real-
time during instruction is not recommended as this may introduce a' variability ir student responses across multiple classes.

*Space limitations prevent including the data collector's handout in this
paper, however, this material will be provided upon request.

The view, opinions, and findings contained in this report are those of the
authors and should not be construed as an official Department of the Army
position, policy or decision, unless so designated by other documentation.
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3.0 PREDICTING DATA COLLECTOR PERFORMANCE

An estimate of the data collector's performance may be made by
collecting the completed Task-Time Checklists at 'the end of the
practical exercise. These data may be compared to pre-established
criteria or a baseline performance in terms of time variability, number
of errors, and other quantified, dichotomized or scaled comments. This
information can be used to assign data collectors to observational tasks
which take advantage of their particular talents.

4.0 DCO VALIDITY

At its present stage of development, the DCO only has face validity.
Pilot studies of training indicate that the information presented is
easily learned by US Army personnel who are trained maintainers and
operators for the FATRIOT Air Defense System. Most of these personnel
had extensive (Core than 5 years) experience in Air Defense Systems such
as HAWK and HERCULES. The DCO needs to be compared to other data
collection procedures under actual use conditions for ultimate validation.
Some data are available now based on our experience during the Development
Testing II phase of the PATRIOT evaluation. Comparisons were made between
a sample of video tapes and the comments recorded by the data collectors
during the March Order and Emplacement exercises. Not only did the data
collectors out-perform the video support, but because of their mobility
they were able to move around and visually access places the video cameras
could not. Because the primary data acquisition activities were covered
by these collectors, lFE personnel were able to perform video and photographic
functions. We feel that the six hour training session required to train
the data collectors was well spent and that the technique is applicable
to future field exercise tes4 ing.
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OUTLINE USED FOR DATA COLLECTOR TRAINING

INTRODUCTION

1. OBJECTIVE: A rapport is established between trainees and HFE personnel.

INSTRUCTIONAL PROCEDURE:

a. HFE personnel introduce themselves to trainees and explain their
role in the program.

b. Have students introduce themselves and fill out an academic and
work experience information sheet.

2. OBJECTIVE: Data Collector trainees are cognizant of the HFE mission
and of their contribution as individuals, and as a group, in accomplishing
that mission.

INSTRUCTIONAL PROCEDURE: Describe the role HFE has played during the
develnpment and utilization of military/civilian systems in the past.

3. OBJECTIVE: Trainees are knowledgeable in HFE fundamentals.

INSTRUCTIONAL PROCEDURE:

a. Present the film Of Men and Machines: Engineering Psychology.*

Sb. Describe how HFE can enhance the safety and perfortiance of complex
military systems. Ask trainees to describe any HFE related problems they

Zhave experienced in military or civilian systems. At this stage of
instruction, each trainee should be able to describe a HFE problem he or
she has experienced.

*A BW, 29 minute sound film from the Focus on Behavior Series available
from Kraskir Memorial Film Library, 765 2ommonwealth Ave., Boston, MA 02215.

INSTRUCTikhi.

1. OBJECTIVE: Trainees are indoctrinated in the specific areas to be
evaluated within the system.

INSTRUCTICNAL PROCEDURE: Define and give examples of the areas to be
addressed during data collection. Considerations with regard to the
PATRIOT Air Defense System are:

(a) Task sequence validation.
(b) Establishment of task time lines.
(c) Error analysis.
(d) Safety.
(e) Crew proficiency.
(f) Personnel movement and posture.

HI-3

._ ... . .. . . . . .



2. OBJECrIVE: Data collector trainees are able to record task times
and observations on the TASK-TIME CHECKLISTS.

INSTRUCTIONAL PROCEDURE: Distribute sample checklists, identify each
specific area of the checklist and describe the procedures for recording
data. Discuss the terms presented in the GLOSSARY.
e For each task namedthe following is required:

1. Verify the sequential position of the task as shown on the checklist.
2. Circle "LMT" if task movement time is subjectively long.
3. Circle "ImpM" and/or "AwkP" when impeded movement and/or awkward

posture are observed.
4. Circle "LowP" if low proficiency is observed.
5. Place a tally mark for each hazard observed in the HZ column.
6. Place a tally mark for each error observed in the E column.
7. Record task time.
8. Conplete the HAZARD ANALYSIS at the conclusion of the test exercise.
9. Complete the CREW MEMBER ERROR ANALYSIS at the conclusion of the test

exercise.

3. OBJECTIVE: Trainees are able to operate the stopwatch which is usedfor task timing.

INSTRUCTIONAL PROCEDURE: Assign each student a stopwatch and instruct

trainees on stopwatch operation.

4. OBJECTIVE: Trainees are able to track player-participants efficiently.

INSTRUCTIONAL PROCEDURE: Discuss tracking procedure.
* Data collection is most accurate when the data collector has unobstructed

visual and auditory access to crew member activities. The space between
the data collector and the crew member shall be maximal with regard to
distance and optimal with regard to sensitivity. The data collector, being
familiar with the crew member's function, should anticipate the movements
and-activities of the assigned crewman as well as the other crew members
in the area. The catchword for the data collector is best expressed as
DON'T INTERFERE, meaning: (1) Don't assist; (2) Don't interrupt; (3) Don't
ask or answer questions; and (4) Don't be an obstacle.

5. OBJECTIVE: Trainees understand data collection procedures.

INSTRUCTIONAL PROCEDURE: Discuss data collection procedures:
e Task Timing - The stopwatch is started when the assigned player

participant begins his/her function in the test operation. Each task time
is captured upon completion of the task. The task shall not be considered
completed until (1) the task goal is accomplished, (2) task-related
material is stowed, and (3) the task workspace is secure.

The timing of each successive task begins when the previous task time
has been captured. Task time consists of two parts, task movement time
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and task performance time,. Task movement time will always occur before
task perfo.mance time'and, summed together, they will equal the captured
task time. During data collection, task movement time will be estimated
as:

LONG - Associated with considerable movement such as moving from
one major hardware item to another; longer than 20 seconds duration.

Task, movement ends when either of the fllowing occurs:
(1) The player participant arrives at the task workspace.
(2) The player participant obtains material necessary for task

performance prior to arriving at the task workspace.

The following diagram illustrates the relationship between collecting
time data and player participant activities.

PLAYER PARTICIPANT ACTIVITY

BEGIN TASK 1 TASK 2
FUNCTION COMPLETE COMPLE' E

TASK 1 TASK 2

TASK TASK TASK TASK

TIEMOVEMENT PERFORMANCE MOVEMENT PERFORMANCETIME

ASSESSED AS ASSESSED AS
" ACCEPTABLE ACCEPTABLE

OR LONG OR LONG

START CAPTURE CAPTURE
STOPWATCH TASK 1 TASK 2

TIME, TIME$
TASK 2 TASK 3
TIME TIME
BEGINS BEGINS

DATA COLLECTOR ACTIVITY
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PRACTICAL EXERCISE

1. OBJECTIVE: Trainees have experienced the data collection prcess:
including the timing of tasks and the recording Of HrFE observations.'

INSTRUCTIONAL PROCEDURE: Trainees are presented a videotaped sequence
of tasks from which thy obtain task times, make HFE observations, and
record task times and observations using the TASK-TIME CHECKLIST.

* Suitable practice scenarios include the assembly and disassembly
of a bicycle. Bicycle components and the associated tasks of assembly
and disassembly are familiar to nearly everyone; the trainee should have
no pro!:-- in collecting task/time data.

2. OBJECT;'!C Data collector trainees have been evaluated on their
level of rroficiency at collecting HFE data.

INSTRUCT1 L PRF.;.....: The TASK-TIME CHECKLISTS completed during the
practical i, erch are grad on accuracy and ...... . Tane rio
performing at :n -:.ceptahl. level of performance are given additional
training int,;,.c. vtas in which they are deficient.
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GLOSSARY

Task Not Applicable to Exercise - A task may be eliminated from a test
exercise due to safety restrictions or nonavailability of task hardware.
To lessen the data collector's workload, it is recommended that these
tasks be removed from the checklists prior to data collection.

Task Performed Prior to Exercise - Any task performed prior to the test
exercise should be noted in the "comments" area of the checklist. The
HFE data collector in charge shall notify the test conductor of such
events. Any task performed prior to the test exercise shall not be
scored, and the number of observations of that task will decrease
accordingly.

Task Performed By Other Crewmember - When a crewmember cannot perform
a task because it was previously performed by another crewmember the
data collector notes this under "comments" and does not score as an error.

Performed Nonassigned Task - Performance of another crewmember's task
prior to when the task should be performed is an error and is recorded
on the error analysis form. Performance of another crewmember's task
because the task had not been completed as assigned is not an error.

Incorrectly .Performed Task - Performance error of which any one of the
following apply:

(1) Unsuccessful attempt to complete a step or task.
- (2) A step which must be repeated before being completed.

(3) Any action resulting in damage or injury.
(4) Unacceptable end results.
(5) Forgetting to perform any step of a task.

Task Not Done - Forgetting to perform the entire task.

Taylor Timing - A stopwatch function for timing sequential events where
each press of the button captures the time elapsed since the last button
press and begins timing the next event.

HI- 7
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TASK-TIME CHECKLIST

TEST FUNCTION: Crew Member #1, LS Emplacement FLU......SITE NO..

DATA COLLECTOR:________________ DATE I

START END
PLAYER PARTICIPANT.* TIME__ _TIMF,__ _

S TASK O8S HZD ERROR COMMENTS TIME

LMT i ii lI

Connect gqrjnd I"M -.

cable AwkP
LowP _ _

- - - -

LMT
4JmpM

AwkP
__________LowP

LMT
Lower gooseneck ImPM
work platforms AwkP

IO I____ongMovement Time

LMT 4- Long Movement Time
Im3m - get Impeded Movement

3 Start generator AwkF- Awkward Posture (CIRCLED WHEN{I AI APPL ICABLE)'

LowP !Low Proficiency

LMT
"M

AwkP

LowP_-_._. ...... ..
LMT When marked, an ERROR ANALYSISLM . rV -- form is filled out.

4 Roll up louver ImpM I
covers AwkP

LowP When marked, a HAZARD ANALYSIS
.........J.form is filled out.
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CREW MEMBER ERROR ANALYSIS

Instructions:

1. Complete at end of test exercise.
2. Attach to TASK-TIME CHECKLIST.
3. Data collector completes Section A.
4. Crew member completes Section B.

SECTION A - DATA COLLECTOR
3

DATE: TIME:

TASK SEQUENCE NUMBER:

TASK TIME:

CLASSIFIED AS ERROR OF: Q3 OMISSION
[ COMMISSION

ERROR DISCOVERED: Q BEFORE TASK WAS COMPLETEO
r3 AFTER TASK WAS COMPLETED

IF AFTER$ WHAT WAS THE CORRECTION TIME?

DESCRIBE ERROR:

SECTION B - CREW MEMBER

(Completed by data collector if crew member is unavailable)

ESTIMATED CAUSE OF ERROR:

HOW WAS ERROR DISCOVERED?
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HAZARD ANALYSIS

Instructions:

1. Complete at er4 of test exercise.
2. Attach to TASK-TIME CHECKLIST.

DATE: TIME:

"ASK SEQUENCE NUMBER:

X.ASSIFIED AS HAZARD ASSOCIATED WITH: Q3 HARDWARE
0" PROCEDURE

E] TRAININ6

DESCRIBE HAZARD:

INJURY SUSTAINED? (3 YES

DESCRIBE INJURY:
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HOLLANDER, Paul L., Educational Programme and Planning Consultant, Paul.
L. Hollander & Associates Inc., Willowdale, Ontario.

"MIND MAPPING" - A TOOL FOR PLANNING, NOTETAKING, COUNSELLING, &
INTERVIEWING (Tue P.M.)

The purpose of this workshop is to demonstrate a method of
notation known as mind mapping. This method has been used for
planning, meeting presentations, letter and report writing, notetaking,
and preparing for interviews. The particular application which would
be relevant and useful to members of the Military Testing Association
would be in planning for interviews, notetaking during interviews or
meetings and for later recall.

Rationale and Description of the process:

Mind maps are constructed using "key recall words"--strong nouns

and verbs that trigger associations. The central idea or topic is
placed in the centre of a circle or square and around the main idea the
outside lines are drawn. The lines radiate form the centre of the
square or circle to form a non linear organic pattern. On each line is
written or printed a "Key recall word". These patterns reflect the
natural way in which the mind links and associates ideas. The use of

symbols and visual drawing is encouraged to stimulate recall,
imagination, and creativity.

Applications:

i I have worked and taught with this technique for seven years to

many professional groups including nurses, doctors, physiotherapists,

social workers, teachers, and accontants. Many people in the health
sciences, education, industry, and business have adopted this technique
for counselling and interviewing. Many have found that this type of

nonlinear notation stimulates creativity and aids recall.

Workshop Format:

t I propose to conduct a 90 minute experiential workshop relating

the concept of mind mapping to natural memory and recall. The

participants will do exercises using linear and nonlinear notation to

demonstrate the usefulness of the mind mapping technique. Emphasis

will be placed on its practical application to the their life and work.

r
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ILLES, Joseph W., Army Education Center, Ledward Barracks, Schweinfurt, West
Germany.

DEVELOPING LOCAL NORMS FOR PREDICTING SUCCESS ON THE GED TEST (Tue A.M.)

The purpose of this work was to develop local norms for the
prediction of GED Test Scares based on ABLE III results. Those local
norms can prevent placement in unnecessary classes and prevent the
frustration or anxiety incurred from premature GED Testing.

Local norming populations are usually more homogenous than are
those used to develop publisher's norms, and the resulting data will
therefore vary from that published. This is demonstrated in the
comparisons of variables selected, errors of estimate and R2 of local
and published norms.

Bi-variate expectancy tables and correlation matrices are
compared. Simple linear regressions are graphed and stanines develped
for "Quick and Dirty" predictions. Multiple regressions using all five
independent variables as well as regressions using only the significant
variables are presented.

Included are graphic representations of predicted and actual
scores achieved using local and published norms. Data is presented for
individual GED tests as well as total GED scores.

I
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DEVELOPING LOCAL NORMS FOR PREDICTING
SUCCESS ON THE GED TEST

Joseph W. llles
U.S. Army Continuing Education Services

PURPOSE

This report presents the results of norming project undertaken during
1979 at a US Aimy Education Center in Germany. The purpose of that project
ws to develop local norms for the prediction of achievement on the General
Educational De~elopment (GED) test based on Adult Basic Learnin Exannat-on
(ABLE) test results. The purpose here is to demonstrate that locally deve-
loped norms vary sufficiently from the publisher's norms to justify the effort.

RATIONALE

The ability to predict GED test results can be a powerful tool in the
hands of a counselor. Using that tool the counselor can reduce the level of
frustration and subsequent disilluisonment by examinees who would have failed
to qualify for their state high school certificates through the GED test.
Using this tool the counselor can recommend preparatory study where qualifying
scores are not indicated. On the other side of the coin, a positive attitude
toward the GED test could easily be generated in the examinee where the ABLE III
test results predict qualifying scores on the GED test.

INSTRUMENT

The ABLE III published by Harcourt Brace Jovanovich, Inc., is a standar-
dized achievement test designed to be used by adults. It consists of three
levels: Level I, Level II, and Level III. These levels are intended to dis-
criminate amongst personnel who are operating at grade levels 1 - 4, grades
5 - 8, and grades 9 - 12 respectively. Each level consists of two forms, Form
A and Form B. Each form contains the following content areas which have been

* numbered 1 through 5 for the sake of convenience; (1) Vocabulary, (2) Spelling,
(3) Reading, (4) Arithmetic Computation, and (5) Arithmetic Problem Solving.
A sixth test score, Total Arithmetic, is nothing more than the combination of
ABLE III tests 4 and 5. It is sometimes referred to as Test 6 in the text.
In this project, only Form A of level III was used for norming.

The GED tests are designed to measure the general knowledge and achieve-
ment of non-high school graduates. The results of these tests are used by the
various State Departments of Education as the basis for awarding their high
school equivalency certificates and diplomas. The five content areas of the
GED are as follows: (1) Correctness and Effectiveness of Expression; (2) Inter-
pretation of Reading Materials in Social Studies; (3) Interpretation of Reading
Materials in Natural Sciences; (4) Interpretation of Literary Materials; and
(5) General Mathematics Ability.
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DELIMITATIONS

Prior to the development of these norms, only those soldiers whose ABLE III
scores fell into the fifth stanine or higher as defined on pages 36 - 41 of the
ABLE III Handbook were encouraged to take the GED test. It was from this group
that these norming standards were constructed. Of course, this screening had
its effect on the resulting norms. If a soldier insisted, he was administered
the GED test regardless of his stanine placement.

SUBJECTS

Still more homogeneity, at least on a surface level, was introduced by the
test population itself. It consisted entirely of soldiers who werebetween 18-
24 years old; had 1 - 2 years military service; and who had been in an overseas
area between 6 - 18 months. No other demographic data were collected. The pub-
lisher constructed his norms from the test results of approximately 815 soldiers
at US Army installations throughout the United States.

PROCEDURE

After the GED tests were administered and the results returned, the re-
sults were recorded by Social Security Account Number (SSAN). The ABLE III
test results, which had also been recorded by SSAN, were then matched. Pearson
product-moment correlations, bi-variate 'requency distributions, simple linear
regression models, multiple regression coefficients and a table of stanines and
percentiles were generated from these data.

The actual computations were performed on a hand calculator, a Texas In-
strument TI-51-III. Checks for accuracy were built in by the requirement to
pair each of the various ABLE III test results with each other; the pairing of
GED test results with each other; and finally, the pairing of each of the ABLE
III test results with each of the GED test results.

The linear regression models between ABLE III and GED tests were prepared
in graphic form where the correlation coefficients were the highest. The simple
regression equation of the form Y = a + bx was not :, en simply because it would
be easier for a counselor to use the graphic form than to compute the predicted
score. Because all the soldiers did not take all the GED tests, these samples
vary in size between 110 and 113 subjects. Graphic models of each ABLE IIItest with Total GED tests were also prepared.

Bi-variate frequency tables were prepared in order to show what percentage
of the normed population could expect to fall within a specific range of GED
scores when given a particular ABLE III test score. These data were prepared
using only the data of those 110 subjects who took all the GED tests. A sample
of these data are presented with the publisher's data for purposes of comparison.

Multiple regression coefficients using all the ABLE III predictors were
developed and compared with those of the publishers.
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Multiple regression coefficients using a reduced number of predictor
variables were also developed and compared with those of the publishers.
Before being entered into the equation, each of these predictor variables
were required to survive a t-ratio test by achieving a significance of
0.049 or less. The subsequent F-test of the entire equation then had to meet
the same standard of significance of 0.049 or less. Since the area of inter-
est was only that of predictor, the order of the variables being entered into
the equation made no difference (Kerlinger and Pedhazur, p 98). For conveni-
ence they were entered in numerical order.

The predicted scores generated by the reduced predictor variable equations
were then plotted against the scores actually achieved. A similar procedure
was used to plot predicted versus actual scores using the publisher's data.

To develop the table of stanines and percentiles, every ABLE III test
result available to the testing cection was "thrown into the hopper" without
regard to GED testing. The number of tests used to derive these data varied
from 242 to 247 tests.

DISCUSSION

Correlations As would be expected, the highest correlations were between
ABLE III and GED tests of similar content. Disregarding the correlation coef-
ficents which involve Total GED scores, the 25 correlations of the locally
normad population range from 0.27 to 0.73; those of the published norms range
from 0.31 to 0.73 (See Table 1).

The majority of the correlations of the locally normed group fell between
0.40 and 0.49 (13 of 25 correlations, or 52%). The majority of the publisher's
correlations was in the 0.50 - 0.59 group (9 of 25, or 36%). This would sug-
gest a greater homogeneity in the locally normed group. The lower mode of
grouped correlations in the locally normed group (0.40 -0.49 versus 0.50 - 0.59)
is another demonstration of that greater homogeneity. It should be remembered
that any restriction in the range of scores in the predictor and/or the pre-
dicted variables acts to reduce the absolute value of the correlation coefficient.

There is still further evidence of tighter grouping and homogeneity. The
standard deviation of the GED test is 10 points, since it is a standardized
score. The standard deviation of the locally normed population ranges from 6.9
to 7.7 while the publisher's population's standard deviations have a range from
5.9 to 8.6 (See Table 1).

Linear Regression A sample of the linear regression equation for one pre-
dictor score to one predicted score is demonstrated graphically in Figure 1.
These data were not available in published form, so no comparisons are possi-
ble. Since many states require a Total GED score as a way to measure qualifi-
cation for the state high school equivalency certificate, Figure 2 shows a
sample of the regression of an ABLE III test score on the total GED score.

The argument for entry is the ABLE III Score on the "X" axis, and is
followed vertically upward to the solid regression line. The expected GED
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test score is then read, horizontally to the left, or, the (' . S. For
example, if a soldier were to score 33 on the ABLE III Spelling test and
we wished to predict his score on GED I, we would enter Figure 1 to deter-
mine that he should achieve a score of 50 (+ 5.203 in approximately 67% of
the cases tested). This figjre of + 5.203 Ts the Standard Error of the
Estimate (SEe). It is graphically r-epresented by the dotted line above and
below the solid regression line, and numerically given in the marginal data.

The marginal data also includes the corelation c~efficient (r), and
the square of the correlation coefficient (r'). The r telis us what per-
centage of the deviation from the regression line is attributed to factors
contained within the predictor varia"le; i.e., the particular ABLE III test.
To continue the example above, the r of 0.505 simply means that 50.5% of the
variation from the regression line can be measured by ABLE III Test 2, Spell-
ing. Yet to be accounted for is the remaining 49.5% of the variation.

Bi-variate frequencies These show that percentage of the normed popu-
latioh-w TT-could expect to fall within a specific range of GED scores when
given a particular ABLE III test score. These data appear in Tables 2a -d,
and were prepared using only the scores of the 110 soldiers who took all the
GED tests.

Table 2a, for example, would tell us that of the soldiers in the locally
normed group who scored 23 on the ABLE III Spelling test, 53% could expect
to score 35 - 44 on GED Test 1. Similarly, the other 47% could expect to score
above 45 on the same GED test. The publisher's data appears in parentheses
for purposes of comparison. The population mode is shown for local and pub-
lisher populations by an asterisk(*). There are differences in the two popu-
lations, but no meaningful distinctions can be drawn from the data presented
here.

Multiple regression It would seem logical that the more predictors that
can "ground into the equation", the more accurate the prediction. Unfortunately,
this is not always the case. The principal reason for this is that we do not
always have the ideal situation of low correlations among each of the predictor
variables, but high correlations with the predicted variable (Kerlinger and
Pedhazur, p 73). Two sets of multiple regression equations were developed, and
the user may take his choice!

One set of equations used all five of the predictor variables for each
GED test. The other set used only those predictor variables which demonstrated
that they could make a significant contribution to the accuracy of the pre-
diction. The procedure used to determine this was described earlier, and is
a slight variation from the "step down" method. The procedure followed by the
publisher is unknown. The report states only that "These equations were gene-
rated through standard multiple regression techniques".

A striking difference in the selection of variables appears in the pre-
diction equation for GED test 4 (See Table 3). The locally generated equation
uses ABLE III tests 1, 2, and 3; while the publisher used only ABLE III tests
1 and 3. The advantage Qf the additional variable can be seen through a com-
parison of the SEe and R?. The locally normed population's SEe is smaller,
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and the accounted for variation (represented by R2 in multiple regression
methods) is larger. Conversely, the locally developed equation for GED
Test 5, General Mathematical Ability, requires an additional variable to
account for the same amount of variation as the publisher's equation.

In Figure 3 further comparisons are made. Here, the predicted scores
are plotted along the "" axis and the achieved scores are plotted along
the "Y" axis. The predicted scores of 110 soldiers in the norming group
were determined using the locally developed equations; these were plotted
against the scores they actually achieved.

The regression line shown in these figures uses the appropriate equ-
ation constant as its starting point. In the case of the local norms, that
point is connected to the intersection of the average predicted score and
the average achieved score. In the case of the publisher's norms, it is
connected to a point at the intersection of the predicted score and the pub-
lisher's average achieved score. This very graphically demonstrates the vari-
ation of the predicted versus the achieved score using the two norms.

Stanines and percentiles These represent only a "quick and dirty" me-
thod of screenin-g. The stanine reduces percentile scores to a range of 1 - 9,
with a stanine of 1 representing the lowest percentile scores. As would be
expected, a stanine of 5 would represent a range around the 50th percentile.
Since percentiles, and consequently stanines, rely upon the standard deviation
for their values, the stanine on one ABLE III test cannot be applied to an-
other.

i The table of stanines and percentiles (Table 4) is read by entering at
the "Raw Sccres" column at the left and moving across to the right to the

appropriate ABLE III test to determine the stanine placement and percentile
achieved. No predictions for success on the GED are made; the ABLE III ex-
amine is merely placed in relation to his contemporaries.

SUMMARY

The data represented here was an attempt to demonstrate that locally de-
veloped norms vary sufficiently from published norms to make them worthwhile.
Comparisions have been made to show those differences, and underscore the need
for locally developed norms.

S1-5



REFERENCES

Harris, Richard A.; A Primerof Multivariate Statistics; Academic Press;
New York; 1975.

Kerlingeri Fred N; Foundations of Behavioral Research (Secand Edition);
Holt, Rinehart and. Winston, Inc.; New York;,,7T

Kerlinger, F.N. and Pedhazur, E.J.; Multiple Re ression in Behavioral
Research; Gardner Press, Inc.; New York 7

Popham, W.J. and Sirotuik, K.A.; Educational Statistics, Use and
interpretation (Second Edition); Harper and Rowe, PuMTcaTons;
New'York; 1973.

Snedecor, G.W. and, Cochrane, W.G.; Statistical Methods (Sixth Editi.on);
The Iowas State University Press; Ames; 1967.

Thorndike, Robert M.; Correlational Procedures for Research; Gardner Press,
Inc.; Mew York; 1978.

"Using the Adult Basic Learning Examination to Predict General Educational
Development Test ResuTts' Test Department, Harcourt trace Jovanovich,
Inc; New York; 1975.

1-6



CV)O C%~ 0.4r. C Y) C14 Lfl %D

0it. it' 000 h coN

0) LflC 011 C'O 'o Cf) teO

cuJ 4-3 -~ "' w n -.- 1 Lfn 

4-)U Mr- c'li t- 0 LA C4 (V) E O

(n011) 0-4

4)Lf C'J. ce 4 v t)(nI IO%C a) )% tt) s
4) > U) LC) *1 C'.J l t C o'D t n

4J. 0/

V) 00
I- - r- n ' Uo)N

m Vt) %DoO LD~ C'ct' -

LUJ
-J

0 1C) E 4D a 1fl C14 05 -4 q ~ qT o 0 - LU
L If U) U) LC) \D t \0 cI) q* LI) \0 C% 4 ( N

CD4.
LU)

w M

:m CD \0 (71t- 4.
CM W- \0CjtIL ~ iC4 L ;C

C )
1-4

0

Ix V-- 4) 0 e
:3 ol M C) 009.4 9O P

E u.- md *S mr~ v 0 %

* 0 0
0.

0-

go)

an 0

0 0)4

it/ U) '- 0
(4 W 4 4 - +.-i 41.

01-i 01- 0W 4)0 4 Z a 4

U0 4-)W V)OS (DCLM 4J Wp
wJJ9 u.4J e.) 4.-)-S-r-

4)0 ) 0 4 0 0 4v ) 0Ur

4-3 S. (U I 4J M4 J4

I-1

MV . --- i ______-



TAB E 2a

GED Test 1 - Correctness and Effectiveness of Expression

Scores on Score Ranges on GED Test #1
ABLE I1, 20'- 34 35- 44 45- 80 N
Spelling % % %

I 4 (100) (3)
5- 9 22 (34) 45 (62) 33 (3) 9(58)

10 - 14 5 18) 90 (71) 5 (11) 23*(142)
15 -19 6 13) 65 (64) 29 (23) 18 (149*
20 -24 6" 53 67) 47 (27) 15 (144)
25- 29 ( 47 60 53 (39 17 109)
30 -34 40 41 60 59 10 96
35 -39 (1) 18) 10 81 7 84
40 - 44 18) 100(81) 7 26)
45- 49 100 (100) 4 100)
r- .71 I0 911

(r= .63)

TABLE 2b

GED Test 2 - Interpretation of Reading Materials in Social Studies

Scores on SdoreRanes" on GED Test .#2
ABLE ITI, 20 - 34 35 - 44 45 - 80 N
Reading % % %

1 -.19 (50) (17) ( 33) .... ( 6 )

20 -24 50 33) 50 (50) ( 17) 2 ( 6)
25- 29 19) (73) 100 ( 8) 2 ( 4
30- 34 6 (30) 31 (46) 62 (24) 13 (90)
35 - 39 (14) 16 (49) 84 ( 38) 20 (160)
40- 44 (7) 14 (33) 86 ( 59) 30*(219)*
45-49 4 3) 4125) 92 ( 71) 24 (171)
50- 54 (2) 5 6) 95 (91) 10 (94)
55 - 60 0(0) 9 21)) r= .(55110 " (821)

(r= .59)

64)



TABLE 2c

GED Test 3 - interpretati'on of Reading Materials in Natural Science

Scores on
ABLE III, Score Ranges on GED Test 3
Vocabulary 20 - 34 35 - 44 45 - 80 N

1'-"19 33 (50) (17) 6)
20 - 24 (33) (67) 100 1(6)
25 - 29 ?0 (27) 20(56 60(18) 5 45)
30 -34 (11) 55 (55) 45(34) 11 8835- 39 9) 13 (38) 87 (53) 26* 160
40 - 44 5 7) 18 (25) 77 (68) 23 217)*
45 - 49 (2) 4 (16) 96 (82) 25 177)
50- 54 5 (3) 95 (97) 19 (94)
55- 60 (5) (95) (21)
r= .61.

,(r= .59) 110 (814)

TABLE 2d

GED Test 4 - Interpretation of Literary Materials

Scores on
ABLE III, Score Ranges on GED Test 4
Vocabulary 20 - 34 35 - 44 45 - 80 N

S-(50) (50)
20- 24 (33) (33) 10 (33) 1
25 - 29 (27) 60 (60) 40 13) 5
30 -34 (15) 56 (48) 44 (37) 9
35- 39 (11) 13 (39) 87 (49) 25
40- 44 4 5) 25 (29) 71 (66) 24
45- 49 2) 17 18) 83 (80) 24
50- 54 5 (6) 95 (94) 21

55 - 60 100 (100) 1
r= .46 110, (r=  .58) 110

'-9
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TABLE 2e

GED Test 5 - General Mathematical Ability

Scores on Score Ranges on GED Test #5
ABLE 111, 20 - 34 35 - 44 45 - 80 N
Total Math % %

2 - 19 1oo-To) 1 (2)
20- 24 (45) 100 (55) 2 (11)
25 - 29 (37) 43 (63) 57 7 (38)
30- 34 (11) 88 (81) 12 ( 8) 8 (62)
35 - 39 7 (15) 29 76) A4 ( 9) 14 (117)*
40 -44 14 6 33(78) 53(16) 17 (109)
45 - 49 4 42 62 58 33) 12 (117)*
50 -54 2) 19 (46 81(53) 16 (112)
5b -59 10 ( 27) 90 73) 10 (79)
60 - 64 (11) 100 (89) 9 (76)
65 - 69 20 80 (100) 5 (49)
70- 74 (4) 100 ( 96) 2 (26)
75 - 89 100 (100) 3 (14)
80 -- 84 100 (100) 4 3)
r= .73 110 (815

(r= .74)

TABLE 2f

Total GED - Total ABLE

Scores on Score Ranges on Total GED
Total Ls than 175 175 - 224 225 or N
ABLE III Greater

Less than 99 50 50 2
100 -109 100 3
110 - l9 29 42 29 7
120 - 129 25 75 12
130 - 139 20 80 10
140 - 149 50 50 12
150 - 159 28 72 19
160 - 169 13 87 17
170 - 179 100 7
180 - 189 100 7
190 - 199 100 4
200 -. 209 100 4
210 - 219 100 1
220 - 229 100 4
230 - 239 100 1
r= .76 110

1-10
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* JTABLE 4

'ABLE III Percentfle Ranks & Stanines

VOCABULARY SPELLING READING COMPUTATION PROB. SOLVING TOTAL MATH
Raw Score n=243 n=247 n=246 n=247 n=242 n=242

. %iWe STA Wie STA Wle STA Wie STA Wie STA Wie STA

60 or h9gher '9 9 99 9 85 7
59 99 9 99 9 83 7
98 99 9 98 9 8 7
-7 98 97 9 79 7
56 98 9 97 9 77 7

9 855 97 9 96 9 75 6
54 96 9 95 8 73 6
53 95 8 93 8 70 6
52 93 8 92 8 68 6
51 92 8 90 8 65 6
so 90 8 99 9 88 7 63 6
49 87 7 99 9 85 7 60 6
48 85 7 99 9 82 7 57 5

47 82 7 99 9 79 7 54 5
46 78 7 99 9 76 6 52 5
45 75 6 99 9 72 6 49 5
44 71 6 98 9 68 6 46 5
43 67 6 98 9 64 6 43 5
42 62 6 97 9 59 5 99 9 99 9 40 5
41 57 5 97 9 55 5 99 9 99 9 38 4
40 53 5 96 9 50 5 99 9 99 9 35 4
39 49 5 95 8 45 5 98 9 98 9 33 4
38 44 5 94 8 41 5 98 9 98 9 30 4
37 39 4 92 8 36 4 97 9 97 9 28 4
36 35 4 91 8 32 4 96 9 95 8 25 4
35 31 4 89 8 28 4 95 8 94 8 23 4
34 27 4 87 7 24 4 94 8 92 8 21 3
33 23 4 85 7 21 3 92 8 90 8 19 3
32 19 3 83 7 18 3 90 8 87 8 17 3
31 17 3 80 7 15 3 88 7 83 7 15 3
30 14 3 77 7 12 3 86 7 79 7 14 3
29 11 3 74 6 10 2 83 7 75 6 12 3
28 9 2 70 6 8 2 80 7 70 6 11 3
27 7 2 67 6 6 2 76 6 65 6 10 2
26 6 2 64 6 5 2 72 6 59 5 8 2
25 5 2 60 6 4 2 68 6 53 5 7 2
24 4 2 56 5 3 1 64 6 48 5 6 2
23 3 1 52 5 2 1 59 5 42 5 5 2
22 2 1 48 5 2 1 55 5 36 4 5 2
21 2 1 44 5 1 1 50 5 31 4 4 2
20 1 1 40 5 1 1 45 5 26 4 3 1
19 1 1 36 4 1 1 40 5 21 3 3 1
18 1 1 33 4 1 1 36 4 17 3 3 1
17 1 1 26 4 1 1 28 4 11 3 2 1
15 1 1 23 4 1 1 24 4 8 2 1 1

1-12
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TABLE 4

ABLE III Percentile Ranks & Stanines(Cont.)
VOCABULARY SPELLING READING COMPUTATION PROB SOLVING TOTAL MATH

Raw Score n=243 n=247 n=246 n=247 n=242 n=242Wie STA Wie STA Wie STA Wie STA Wie STA Wie STA

1 14 1 "I 20 3 . 1 1 o 3 6 2
13 1 1 17 3 1 1 17 3 5 2 1 1
12 1 1 15 3 1 1 14 3 3 1 1 1
11 1 1 13 3 1 1 12 3 2 1 1 1
10 1 1 11 3 1 1 9 2 2 1 1 1
9 1 1 9 2 1 1 8 2 1 1 1 1
8 1 1 8 2 1 1 6 2 1 1 1 1
7 1 1 6 2 1 1 5 2 1 1 1 1
6 1 1 5 2 1 1 4 2 1 1 1 1
5 1 1 4 2 1 1 3 1 1 1 I 1
4 1 1 1 1 1 1 2 1 1 1 '1 1
3 1 1 1 1 1 1 2 1 1 1 1 12 1 1 1 1 1 1 1 1 1 1 1 1

' n=243 n=247 n=246 n=247 n=242 n=242
x=39.3 x=22.4 x=40 x=21 x=24.4 x=45.4
s=8.5 s=1O.1 s=8.6 s=8.4 s=6.8 s=14.1
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JENKINS, Ronald C., Department of Defense, Meade, Fort George, Maryland.

LONGITUDINAL STUDY OF FOREIGN LANGUAGE SKILLS (Wed P.M.)

A data base to store and manipulate demographic information and
language proficiency test results has been established to aid a

longitudinal study of growth, maintenance, and attrition of language
skills among language-trained members of the military services. The

study will include several thousand personnel trained in a number of
languages who will be tested systematically using tests designed to

measure proficiency as defined in the government-wide standard
descriptions. Test results well be studied in the light of the
demographic data to determine the effects of assignment on language

growth or attrition, length of time required to achieve the various
proficiency levels under different circumstances, effect of
motivational factors on language learning, and the ovecall state of
foreign language preparedness in the military services.
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LONGITUDINAL STUDY OF FOREIGN LANGUAGE SKILLS

Ronald C. Jenkins
U.S. Department of Defense

The training of military personnel in second languages has
demanded a considerable amount of Armed Forces time and money
since the experiences of World War II graphically demonstrated
the need to have soldiers who could speak and comprehend the
languages of the enemy as well as the languages of the allies.
The need for qualified linguists is even more pressing today
when communications capabilities are enhanced by satellites and
technological advances have driven the state of the art of war-
fare to frightening heights. The problem of training foreign
language personnel is sometimes further complicated by the less
than solid lines of alliances among some families of nations;
witness the recent affair in Iran. A common comment heard in
circles that must deal with that crisis is, "We have no Farsi
linguists."

The language training task is immense. Currently, the U.S.
militry establishment trains more than 4,000 personnel in more~than 35 languages yearly. The training Costs run into millions

of dollars.

Yet, with the investment of these huge amounts of manpower,
time, and money, the training system is without a systematic
evaluation and feedback system. The reasons for this void are
many and varied but they are not the topic of discussion here.
It goes without saying, however, that such a system is needed
and it is the topic of this presentation to outline the st -uc-

ture and objectives of an evaluation system that has been de-
signed to alleviate the aforementioned shortcoming.

The training of personnel in second languages is not the
only problem faced by the Armed Forces in attempting to meet
the challenge that requires foreign languoge proficient person-
nel. The challenge is beset by a myraid of problems, some of
which are language related and some of which are not. For ex-

ample, many linguists are trained in language schools to a cer-
tain level of proficiency and then assigned to a unit or loca-
tion where the language skill is allowed to atrophy because
there is no need for the language skill at that location at
that time and no maintenance programs are available. Also,
because not enough of the personnel enlish.ing in the services
today are achieving high enough scores or the language aptitude
tests to qualify for language training, the qualifying scores
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are being lowered to assure that enough personnel can be identi-
fied to fill the billets. These and other problems are further
complicating an already complex task. For ease of reference,
this phenomenon is usually refered to as the "language problem."

Within the Department of Defense, and especially including
the four service branches, a group has been established to cope
with the "language problem." The group is known as the Language
Work-Management Group and has taken significant steps forward in
attempting to solve some of the issues that reduce the effective-
ness of the language training program. It is about the activi-
ties of one of the subgroups of the Work-Management Group that I
wish to discuss this afternoon.

The Work-Management Group has assessed the job needs in an
analysis of the tasks to be performed and defined the level of
proficiency needed to perform each task. To gauge the effective-
ness of any remedial actions that might be recommended to help
solve the "language problem," the Work-Management Group created
an Evaluation Subgroup. As chairman of the subgroup, I have
designed an evaluation program which I believe will prove to be
an effective tool for providing information to both managers of
the language training program and managers of the product of the
training, the product being the linguists themselves.

The program consists of proficiency tests in several lan-
guages, a questionnaire, feedback vehicles and a data base. I
will discuss each of the items in some detail.

First, a word about the tests. These language proficiency
tests are a departure from the normal discrete item or transla-
tion tests that one normally associates with a large scale test-
ing program. The tests are contextual and designed to render
scores that equate to the standardized language level descriptions
that have been adopted for government-wide use. The standardized
descriptions recognize five levels of proficiency -- levels 1, 2,
3, 4 and 5. Basically, language level 1 describes someone with
the proficiency to ask and answer questions in the foreign lan-
guage on topics very familiar to him or her with frequent errors
in pronunciation and grammar. In short, the individual can order
a simple meal, ask for shelter or lodging, ask and give simple
directions, and tell time. At this level the linguist is able
to satisfy only the most minimal work tasks such as filing or
sorting items in the foreign language. At level 2, the linguist
is able to satisfy routine social demands and limited work re-r quirements. With extensive use of the dictionary, the linguist
can get the sense of routine business or technical articles in
his or her field of competence. Level 3 describes an individual
with minimum professicnal proficiency, someone who can speak the
language with sufficient structural accuracy and vocabulary to
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participate effectively in most formal and informal conversations
on practical and professional topics. The linguist at this level
is able to read standard newspaper items addressed to the genera]
reader as well as reports and technical articles in his or her
special field. Level 4 describes c full professional and level 5
describes someone with a proficiency equivalent to that of an edu-
cated native. The military testing program is directed primarily
toward language level 2 and entry level 3 because we know that the
vast majority of the military linguists fall into these two cate-
gories. We know this because we have other ccatextual language
proficiency tests aimed at high level 2 and entry level 3 which
are given to military linguists in certain circumstances and we
find that very few have a high enough proficiency in the language
to "move the needle" on the measuring scale. These tests, which
have served well for several years and which correlate highly with
supervisor ratings, served as models for the our military tests.

Currently, we have four tests -- in Russian, Chinese, Czech
and Korean -- that are being validated under contract and we have
tests in Arabic, German, Hebrew and Vietnamese in various stages
of development. We plan to construct tests in at least ten lan-
guages initially, and eventually in all languages of immediate
interest to the military language training program. In addition,
we will develop parallel tests to serve as alternate tests in an
effort to guard the integrity of the tests.

With luck, we will begin testing and gathering data in 1981.

At the time the tests are administered, a questionnaire will
be given to collect selected training and demographic data that
will provide insight into language skill growth or attrition. The
demographic data will relate to the linguist's current assignment,
most recent language training, rank, what type of language work is
being performed, and whether the linguist uses the language other
than at work. The standard demographic data -- age, sex, educa-
tional level, basic language training information, primary lan-
guage identification, etc. -- will also be solicited. These data
will be discussed in more detail later. The testing and the ques-
tionnaire will be administered to each linguist at regular inter-
vals throughout the linguist's career, beginning at graduation
from basic language training. The test will provide the common
metric for growth and attrition and the demographic data will
allow judgements about the impact of training, assignments, type
of work performed, maintenance programs, etc. on language skill
growth or attrition.

The linguist and the linguist's managers will also benefit
from the testing. Two feedback vehicles have been designed to
provide useful information to both the linguist and his or her
managers. The individual linguist will be provided a feedback
form which will contain the following information: name of the
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individual being tested, social security number, service (Army,
Navy, Air Force or Marine Corps), thc unit the individual was
assigned to at the time of testing, the language being tested,
the date of the testing, the percent score achieved on the test,
the percent score achieved on the most recent previous test, any
measured loss or gain in proficiency, the individual's ranking
within his or her unit and within the service, and the language
level achieved.

Given this information, the individua: linguist will be able
to realistically appraise his or her own standing vis-a-vis the
general military linguist population (a norm referenced standing)
and vis-a-vis real language proficiency (based on the standardized
language level descriptions). This represents a major step in
giving the linguist a meaningful look at his or her skills.

The linguists' managers will receive information on the lin-
guists assigned to them. The manager (generally a init commander)
will receive a feedback form containing the following iiformation:
the narhie of the uit, the language being tested, the date of the
testing, the uniL mean score (a percentage), the unit mean score
from the most recent previous testing (again a percentage), any
measured loss or gain, the unit's ranking within its command, the
units ranking within the service, and a list of the linguists in
the init who were tested. Also included will be the scores
achieved by the linguists, their percentile ranking within the
unit within the command and within the service. The language
level achieved by each linguist will also be reported.

A computer data base for the storage, manipulation, and re-
trieval of the test scores and demographic data has been devised.
In addition to the test scores and information from the question-
naires, other data concerning the individual linguist will be col-
lected and itcred in the data base. For example, because the tests
we are constructing are tests of language competence and not tests
of job proficiency, the military job skill test scores may be use-
ful aids in measuring overall growth or attrition of language
skills. And, the Defense Language Aptitude Battery (DLAB) score
for each linguist will be placed in the data base so an analysis
of aptitude and achievement can be made.

The following table is a list- of fields currently identified
in the data base. Note that there is a header line which contains
the name of the linguist and demographic data that is unlikely to
change such as name, sex, DLAB score, date of birth, etc. A trailer
line will be entered each Lime the linguist is tested and will con.
tain test s'cores and demographic data that is current at the time
of testing but which might be subject to change such as rank, duty
station: etc.
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HEADER LINE TRAILER LINE

FIELD EXAMPLE FIELD EXAMPLE

NAMF DOE JOHN LANG TES AND DATE RU7810
SSN 012345678 TYPE OF TEST DLPT
SEX M
EDUCATIONAL LEVEL 14 T S PART 1 30
SERVICE A E C PART 2 38
DATE ENTERED SERVICE 5006 S 0 PART 3
SERVICE JOB CODE 98G3LVEK8 T R PART 4
DATE OF BIRTH 500317 E TOTAL 68
DLAB SCORE 103

B L T DATE FINISHED 6906 DUTY STATION 101ST ARMR FT HOOD
A A R LOCATION 1 DATE ARRIVED 7806
S N N WEEKS OF STUDY 47 WORK IN LANG? Y
E G G COURSE GRADE 89 TYPE OF WORK XLATE

RANK ET
I L T DATE FINISHED
N A R LOCATION R L T DATE FINISH 7703
T N N WEEKS OF STUDY E A R LOCATION 2
R G G COURSE GRADE C N N COURSE NAME GARR REFRSH

E G G WEEKS 5
A L T DATE FINISHED N COURSE GRADE 87
D A R LOCATION T
V N N WEEKS OF STUDY

G G COURSE GRADE VOL FOR THIS LANG? Y

PRIMARY LANGUAGE EG 0 E T L CHILDHOOD N
OTHER LANGUAGES SP GR T X 0 A ELEMENTARY N

H P N HIGH SCHL N
E O T G COLLEGE N
R S H MAJOR IN L N
U I NOW SPOKEN N
R S IN HOME
E

As is readily apparent, some of the fields are coded and much
of the information appears in abbreviated form. Nevertheless, the
information remains readable and can be printed out as a reference
work that the services might find useful for identifying personnel
for assignments. The data base is designed as a research tool to
aid in a long-range study of language skill growth and attrition
so that maragers of the language training program can made informed
decisions on training policy. For example, if an individual is
being trained for a job that has been identified as requiring a
level 2 linguist, the training period can be tailored to produce
that level of competency within a given period of time. The cur-
rent policy is to train everyone in the same language program to
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the highest level of competence no matter what level of competence
is needed on the job. The result is that very few of those trained
reach a very high level of competence. (For example, although the
statistics are not readily available, probably less than 20 percent
of the linguists who are tested using the contextual language pro-
ficiency tests I mentioned earlier are able to demonstrate mid-level2 proficiency.) In addition to only a few achieving a fair degreeof proficiency in the foreign language, some of those who do are

rssigned to jobs where their language skills are not used to the
extent that their skills can grow or even be maintained at the
level they brought to the job. The problem is further compounded
in that many of the language jobs in the military are high level
2 or level 3 jobs and the training program fails to produce enough
linguists with that level of competency to fill the jobs.

While the evaluation program will not in and of itself solve
the rlanguage problem," I feel that it can provide useful informa-
tion on training courses and length of study required to achieve
stated levels of proficiency, effects of various language jobs on
language skill growth or attrition, effects of language maintenance
or upgrading programs, etc. With this type of information, managers
will be better able to make decisions that can result in time and
money savings and, more importantly, produce better linguists.

1
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JOHNSON, Carol A. Ph.D., mKUNAGA, Howard., and HILLER., Dr. J.

VALIDATION OF A JOB ANALYSIS QUESTIONNAIRE THROUGH INTENSIVE
OBSERVATION (Thu A.M.)

There are a variety of methods that can be used to perform job
task analyses. The most frequently used method is to gather data by
administering detailed questionnaires. However, the accuracy of
questionnaire estimates of how time is spent on various job activities
is open to question.

This study examined the validity of a job task questionnaire
designed for officers and NCOs in Infantry Companies and Artillery
Batteries by comparing questionnaire data with data that were collected
by observing how time was actually spent.

4 There were two principal findings:

i. The questionnaire data were highly correlated with the
observational data;

2. The absolute time-spent ectimates reported in the question-
naires were inflated. It was concluded that the question-
naire data are useful for determining the relative amount of
time spent on job tasks, and can be used to calculate fairly
accurate estimates of the actual amount of time spent.
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2100 Garden Road, Suite J

Monterey, CA 93940

Jack Hiller, Ph.D.

Army Research Institute for the Behavioral
and Social Sciences

Presidio of Monterey Field Unit
P.O. Box 5787

Presidio of Monterey, CA 93940

!NTRODUCTION

There are many different methods that can be used to obtain the
information required for a job analysis, each of which has advantages
and disadvantages. Probably the most frequently used method is to
gather data by employing questionnaires, A major advantage of utilizing
questionuaires is that large samples of job holders can be surveyed and
the data analyzed at a relatively low cost.

However, the accuracy or validity of questionnaire estimates of how

time is spent on various work activities is open to question. This is
particularly true for extensive task inventories. McCormick (1979, p.
133) stated that data regarding validity of task inventory information
".. , are difficult to come by, and there are very limited instances in
which data have actually been obtained."

One of the issues is, of course, what to use as the criterion of
actual job behavior. Burns (1957) compared worker's diaries with question-
naire responses. He found that individuals tend to under-estimate personal
time and over-estimate time spent on activities perceived as important.
One drawback of this study, however, is that both data collection methods
were baced on the subjective perceptions of the employees.

Another study compared questionnaire data with random sampling of
job task activities (Klemmer & Snyder, 1972). They report that there was
a great deal of variance in the accuracy with which verious activities are
reported. For example, time spent in face-to-facQ conversation was under-
estimated while time spent reading and writing was over-estimated.

Observations were used by Hartley, Brecht, Pagerey, Weeks, Chapanis,
& Hoecker (1977) to assess the accuracy of three types of self-report
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information: identification of which tasks.had been performed, the
relative amount of time spent in those activities, and the amount of
time spent In any one activity. A behavior sampling scheme in which
behavior was sampled every 30 seconds for one day per subject was used
as the criterion. They found that concomitant with an increase in
quantitative information was a decrease in accurate time information.
Employees "... were able to identify fairly well those tasks they had

engaged in, they were less able to judge the relative amounts of time
spent in those activities, and could not say with satisfactory precision
how'much time they had spent performing any one activity." These studies
indicate that it is preferable to use objective methods to validate self-
reports, that the accuracy of self-report methods may vary by job activity
category, and that less quantitative information is mot.e likely to be
accurate. This latter statement is consistent with McCormick's (1979)
conclusion that relative time spent scales are better than an absolute
time scale.

The present study was conducted within the context of a. three year
project. This project is desigt.ed to ptroide management systems and assoc-
iated training materials to companies and batteries in order to increase
time available for combat training. In order to accomplish this, it was
necessary to have a clear understanding of how time was actually being
spent. While a job task inventory was the basic data collection method,
this was supplemented with observations of actual job behavior in order
to validate the data collected by the inventory.

The'individuals who completed the questionnaire were not necessarily
the same ones observed. While this was done due to project constraints,
ethe comparison gives even stronger evidence regarding the extent to whichSthe questionnaire data actually described the jobs covered by the research.

METHOD

Incumbents Included in Study

All of the individuals in this study were in key duty positions in
Infantry companies and Artillery batteries within one Army Division.
Table 1 gives the number of individuals in each position who were observed
and who completed the inventory. Platoon SGTs are- not included because of
insufficient data.: Table 1

Number of Incumbents in Each Dxity Position

__Questionnaire Observations

Company/Battery Commander 13 12

Executive Officer 11 9

Platoon Leader/Assistant
Executive Officer 16 11

First Sergeant 11 10

Squad Leader/Section Chief 47 14

TOTAL 98 56

JOH-1-2

-' --96



Questionnaire

One task inventory was developed for use by all levels of personnel.
A total of 571 task items were included. The task statements were de-
veloped through a comprehensive review of Army publications and inter-
views with relevant personnel. The inventory asked for the following
information:

* If the task is a part of present job.
* How often each task is performed in a typical month.
* How long it takes to perform each task once.
• How much help or assistance is needed to learn each task.
* How much of each task could be done by a civilian.

A list of tasks, by duty position, which a minimum of 25% of the
sample indicated they performed was compiled. This list totalled more
than the time available. While this would appear to indicate that the
absolute time estimates were inflated, it should also be noted that the
tasks themselves were not always totally independent. Somne were subsets
of others. For example, "evaluate unit morale and welfare" is not in-
dependent from "analyze feedback from subordinates".

Observations

An observation form was developed and pilot testea. It consisted
of a matrix of iob content categories and function categories. The form
is shown in Appendix A. All observations were conducted by trained members
of the research staff. The observation periods averaged 4.2 hours. Each
observation period was divided into ten minute recording segments. There
were a total of 64 observation periods for Company/Battery Commanders, 28
for Executive Officers, 44 for Platoon Leaders/Assistant Executive Officers,
64 for First Sergeants, and 26 for Squad Leaders/Section Chiefs. At the
end of each ten minute period, the dominant behavior was entered into
the appropriate cell. The total amount of time spent in each content area
coulu thus be determined.

Recoding Inventory Data Into Observation Categories

In order to compare the Information from the two methods of data
collection, the items in the task questionnaire were categorized into the
broad content areas which matched the observation form. The instructions
given to the researchers are reproduced in Appendix B.

Four researchers independently cater~rized the tasks into the
observation content areas. The mode of the judgments was used to deter-
mine the content category into which a task was placed. If there were no

agreement, or if the judgments'resulted in a bi-modal distribution, Lhe
task was not included in the analysis.
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A total of 69 tasks from the inventory could not be categorized.
The exclusion of these tasks resulted in an average of 6.6% of each duty
position's hours being uncatpgorized and, therefore, not used in the
analyses. Agreement among the judges was determined by the percentage of

the judges agreeing on the model choice for each task. Excluding the 6951 unused tasks, the average agreement of the judges was 80%. Including these
tasks resulted in an average agreement of 76%.

For each duty position, the total percentage of time spent in each
content category was computed for both the questionnaire and the observation-
al data. These totals are presented at the bottom of Table 2. Due to round-

ing, the values for the questionnaire data may not equal 100%. The original
observational data included two categories, Personal Activities and an over-
all Miscellaneous category, which were excluded from the analysis. This was
because the task inventory didn't contain parallel tasks. For that reason,

the percentages for the observational data do not total 100%.

0In order to validate the questionnaire data using observational data as

the criterion, Pearson product-moment correlation coefficients were then

computed for each duty position.

RESULTS AND DISCUSSION

Table 2, on the following page, shows the results of the analysis,
by duty position. Overall, the correlations between the questionnaire data

and the observations were significant, except for the Squad Leader/Section
Chief position. This, in fact, provides discriminant validity for the
questionnaire, since it was designed to concentrate on management functions
and Squad Leaders, as would be expected, were observed to spend relatively

little time on management-tasks.

It is commonly agreed that relative time spent scales are "better"
than absolute time scales (McCormick, 1979). The questionnaire used in
this study, however, used an absolute time spent scale. This was done in
the hope of providing more definitive information on the actual amount of
time spent on tasks than could be extracted from rank-order or relative
time spent scales. For example, on a set of tasks which respondents scale
as "least amount of time spent", it may be that 20% of the actual time or

1% of the actual time is spent on that set of tasks. The purposes of this
project required more precise information, if it could possibly be obtained,
specifically to guide the selection of tasks that merited attention for de-
velopment of managment innovations and/or training material. The high valid-
ity coefficients for the management level positions indicate that this
measurement approach was successful.

There was, as previously mentioned, a systematic inflation of the

absolute ammount of time spent in the inventory responses. However, the

large amount of variance accounted for, (e.g., 74% of the variance in the
observation categorifs for the First Sergeant as accounted for by the
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inventory tesponses) indicate, that the data collected by the inventory was

reliably related to the observation criterion. This bias may, be easily
cori,.cted bYdividing each of the inventory task •items (or-the cate ries)
by tb tot.l,amount of time reported ,on the inventory,. The ptopoftonal

-tim estimates calculated this way may then be used directly, or ab olute

time estimates may be calculated 6y multiplying the proportions by the
lactual amount- of '.time available within a given time span.

'-ne job task inventory used in this study required respondents to
give absolute time estimates rather than more tradItional relative time

estimates. The data from the inventory was validated against observations

of job holders, and thereby, determined to be accurate. Thus, the current,

widely held position that relative time spent rather than absolute time

spent scales should be used may have been prematurely adopted, especially

in light of the few empirical studies published. Based on the sizeable

validity coefficients found in this study for an absolute time scale,
further research is clearly warranted.
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APFENDIX B

PROCEDURES FOR CATEGORIZING 'TASK QUESTIONNAIRE ITEMS
INTO OBSERVATIONAL DATA COtITENT AREAS

The objective of this exercise ia to recategorize the ites on
the task questionnaire into the content areas used in the observations
conducted during the first year. By making the content areas of both
methodologies the same, direct comparisons .:an be made between the observ-
ed time versus the self-reported time spent in each content area. In
other words, we will be able to compare objective (observations) and sub-
jective (responses to questionnaire items) estimates of time spent in work
related activities.

The purpose of this paper Is to introduce the content areas to those 1
who will be doing the categorization. Each of the observational content

areas will be defined, described, and include examples extracted from the
observer's notes. The goal of these guidelines is to show how the observ-
ers perceived each content area, using their own judgment as well as stated
rules in categorizing the observed officer's activities.

It is not the purpose of this paper to specifically define how the
task questionnaire items are to be categorized. In order to~lnsure the
validity of these content areas, it is imperative that each rater should
do their categorizing independently, using their cibm criteria. But per-
haps by showing the observer's perspective, it may be easier to categor-
ize those tasks which to not fall cleanly into any one category.

Each content area will now be presented, starting with a definition
of that area; this definition is identical to the one used by the observers.
This will be followed either by a description of the content area, examples
of the observer's notes which belonged to this area, or both.

JOH-1-10
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JOHNSON, James H., and NOVAK, Kathy., Psych Systems, Baltimore, Maryland.

RHUAN-ENGINEERING A COMPUTERIZED TESTING STATION (Thu P.M.)

A fundamental problem for developers of computerized testing
systems is human-engineering thse testing station hardware and
software. The hardware must be appropriate for the minimal ability
levels that are likely to be encountered during broad scale testing.
Complicated keyboards may need to be replaced with test specific
response panels. Furthermore, displays need to be of a size and
intensity such that testing will not becnme tedious. The software for
item presentation and response collection must make provisions for the
fact that most examinees will have had previous experience only with
paper-and-pencil tests and will be naive to the computer medium.
Simple instructLons, trial blocks, consistent presentation patterns,
and error correction routines must be provided. This paper details
considerations, such as these, that designers ot tests for the computer
medium must take into account to develop valid computerized approaches
to testing.
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HUMAN4 ENGINEERING:

A COMPUTERIZED TESTING STATION

James H. Johnson & Kathy Novak

In 1975 Johnson and Williams reported on the develop-
ment and implementation of a large scale on-line computer
based testing system for patients at the VA Hospital in
Salt Lake City. This was the first major effort to make
use of an on-line computer terminal for routine
psychological testing. Evaluation results with this
system showed that it was cost effective, and, still
well liked by test takers (Klinger, Johnson & Williams,
1976; Klinger, Miller, Johnson & Williams, 1977).
These results were found despite the fact that efforts
to human engineer the terminal system were only very
rudimentary (Cole, Johnson 6 Williams, 1975).

Concurrent with the development of this operational
psychological testing system were many other developments
impor.tant to on-line computer based assessment. Among the
most important of these was the introduction of adaptive
testing methodologies. Adaptive testing strategies
are characterized by larg', item pools that are only
partially administered to each particular test taker
depending on initial item responses and the individual's
level of functioning. Because the adaptive approach
concentrates on examining primarily in the area of

*ability appropriate to the individual being tested, it
offers the possibility of narrow band assessment with
o..ly a small number of items being presented to any one
test taker.

The positive empirical findings by Johnson and his
colleagues in Utah and the obvious theoretical advantages
of adaptive strategies over other assessment techniques
leads us to expect that an ever-gr, wing percentage of
future testing packages will be developed for the on-
line medium. As a result, it appears that we will be
entering a new age of research in psychological
assessment. In this era several new topics that were
previously only tangentially considered will emerge as
relevant concerns for test constructors. The present

JOH-2-1

~ ~~J9~~72



paper is concerned with one of these new assessment
research areas, human engineering the computerized testing
station. Our purpose in presenting this paper is to
review the nature of the research problem, to suggest some
approaches for minimizing the problem, and to make some
proposals for future research in the area. In essence,
we are proposing that efforts need to be taken to bring
about "man-computer symbiosis" (Licklider, 1960) in the
adaptive testing area, and that these efforts will have
great importance to the success of this new testing approach.

HUMAN ENGINEERING TESTING STATIONS

AS A DESCENDANT OF RESPONSE BIAS

Some years ago, Edwards, (1957) and Jackson and
Messick (1961) argued that most of the variance in
objective personality testing could be accounted for by
response sets. Even though Block (1965) showed quite
clearly that this was not the case, relevant concerns
remain in the testing area about minimizing the amount
of invalid test variance due to the response process.
Figure 1 shows a schematic of the computerized testsmalla profteivldviaceossilerinzetstn
response process. It is apparent from this schematic
that variance due solely to styles of response is onlya small part of the invalid variance possible in a testing
situation. (Please refer to Figure 1). Errors due to
reading and understanding on the input side, and due to
slips between the thinking process and the physical
response movement on the output side are also likely to
lead to undesirable test variance.

Because of this possibility of errors involving the
person-t st system interface, it is important to consider
ways to human engineer computerized testing stations in
order to reduce unwanted variance. One can see that while
this problem is a variation on that first considered by
Edwards and then by Jackson and Messick, it is potentially
of much greater significance to developers of assessment
approaches for the on-line computer medium. Furthermore,
it is especially important in adaptive testing due to the
fact each individual response is directly related to
all following item presentations.

EXAMPLES OF HOW TO HUMAN ENGINEER

A TESTING STATION

From Figure 1 it is clear that human engineering a
testing station must be completed at both the input and
the output level. Therefore, these problem areas will be
treated separately.
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INPUT PROBLEMS

The first possibility of error results from mis-
understanding instructions related to taking the test.
Greist and Klein (1980) have dealt with this problem
by giving very explicit instructions and then testing
for understanding. Johnson and Williams (1980) found
that in actual practice this approach slowed test
takers and often led to irritation on their part. They
preferred simple instructions with "on-call" persornel
to give help if needed. Probably some compromise is
required here. Moderately detailed instructions with
simple probing for ,isunderstanding coupled with "on-call"
staff help may be the best solution to assure complete
understanding. This problem of whether or not to have
highly detailed computerized instructions for the naive
user has been considered in detail by a number Df
researchers (e.g., Kennedy, 1975; Schneiderman, 1980).
The concensus of previous research results seems to be
that instructions should go from more detailed to less
detailed as the user becomes more familiar with usage.
Rouse (1977) suggests that the best solution is a
dynamic system where the user chooses the amount of
instruction he/she requires. Furthermore, he suggests
that a simple game or "trial run" is probably the
best way to develop such a dynamic system. What we arepresently proposing is consistant with this thinking.

The problem involved in assuring correct reading
and understanding of items are more difficult. First,
test developers need to refer to the human factor3
literature to assure that illumination, character size,
and item length are optimal for error '-eduction (e.g.,
Schneiderman, 1980). Second, they should probably
check proposed items with alternates for readability and
comprehension before inclusion in a test. Finally,
they should use some kind of screening index such as the
Ql (Johnson, Williams Klinger, & Giannetti, 1977) to
predetermine whether a test taker is capable of under-
standing the item pool.

Careful attention to these aspects of computer
based testing can help to reduce many of the errors
possible at Level B of the testing poocess shown in Figure 1.

OUTPUT PROBLEMS

Perhaps it is relevant to begin this section with
the ancient proverb attributed to Palladus, "There is
many a slip twixt the cup and the lip." As is
illustrated at Level D of Figure 1, it is possible for
the respondent to read an item correctly, make a

I
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correct decision about how to respond to the item, and
still give an incorrect response. For example, classic
human factors research on keyboard usage has shown that

even experienced keyboard users have a finger related
error rate ranging from .00414 to .01171 (Hirsch, 1976).

Paying attention to some of this research can help
to overcome these problems. From Hirsch's data we know
that the chances of making an error on choices "C",
"D", or "E" are approximately 50% greater than they are
on choice "A". Therefore, it seem obvious that there
is a need to use specifically designed key pads for
response collection. These key pads should be based on
the human factors literature and should be designed to
minimize error rate as well as error rate variance across
choices. 1f we are going to have uncontrollable error,
then it should at least be random across response choices.

Moreover, system designers need to take account of
the fact that errors will always be made, and, therefore,
should develop simple error correction procedures.
A "backup key" on the keyboard is one good solution. If
a respondent recognized that he/she may have made an
error, then pushing the "backup" key-will allow trying
the item again.

There should also be a procedure whereby errors in

recording by the computer can be made apparent to the
test taker for final correction. These errors at Level
E of Figure 1 are not frequent, but are still sure to
occur as a result of hardware and software failure.

What can be done about these errors? One acceptable
approach is for the computer to randomly ieview answers
with the respondent at the completion of testing. If
the respondent does not agree with this review, then
this fact could be reported to invalidate results.

PROBLEMS RELATED TO BOTH INPUT AND OUTPUT

The most obvious problems related to both input and
output are those of attitude and anxiety (Schneiderman,
1980). Those with negative attitudes towards computers
have been shown to perform more slowly and to make more
errors (Walther & O'Neil, 1974). Anxiety also has beer.
related to poorer performance (Denny, 1966). Thus,
adaptive testing constructors need to work carefully to
reduce poor attitudes and high anxiety.

Schneiderman (1980) has further noted that the
issues of control and response time are related to
attitude and anxiety. He cites evidence that users feel
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worse about interactive computer systems when they lack
control over them. Messages or instructions that are
patronizing, threatening or condeming lead users to feel
a loss of control. Therefore, careful attention should
be given to developing an interactive dialogue that allows
the user to feel as though he/she is in charge of the
situation. Wide variance in the amount of time takenVby the computer to respond to the user as well as extended
response latencies have also been related to poorer
attitudes, high anxiety, and consequent poorer perfor-
mance (Miller, 1977). Thus, every effort should be
made by adaptive systems developers to use approaches
that lead to fast and consistent response latencies.
This is an especially difficult problem to overcome
because adaptive testing requires calculations between
each item presentation and the calculations become more
difficult after more items have been presented, thus,
taking more time. One solution to this problem is
to use a fixed latency that is as long as the most
difficult item selection computation will take. Of
course, this solution is at odds with the need to have
generally brief latencies, but Schneiderman suggests
that this is the best possible answer to the problem.

FUTURE RESEARCH

It is now beginning to be clear that the problems
associated with the person-computerized testing station
interface are numerous. Furthermore, it is evident that
we know only a small amount about how to solve these
problems. A great deal of research is going to be
required before we have a good understanding of the
problems and solutions related to the interface between
person and computer.

To begin with it will be important to know the normal
error rate at each of the levels in Figure 1. Knowing this
will allow us to test newly developed strategies for
improvement in error rate. The development and testing
of various new strategies for error reduction probably
constitutes the largest research need in this area.
For example, one such problem deserves immediate attention.
Is a one key or two key (the second a RETURN to allow
reviewing results) approach better for data entry and
error detection? As another example, it might be
that different personality states are related to
positive effects from different instruction sets.
Use of a computerized testing station could begin with
a brief screening test which would determine whether one
or another set of instructions would have better results.
By following the diagrams presented in Figure 1, it is
easy to see that the research problems are almost endless.
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I SUMMARY

In this paper we have attempted to give an overview
of some of the issues related to human engineering a
computerized testing station. It is our contention that

~most of these problems have been overlooked in the present

and past literature pertinent to computerized testing
stations. Additional work in this area will surely
enhance outcomes for computerized adaptive testing systems.
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DEVELOPMENT OF A MARINE SAFETY PERSONNEL TRAINING PROGRAM
FOR THE UNITED STATES COAST GUARD

D. TI. Jones, P.E.
U. S. Coast Guard

Office of Research and Development! Washington, D. C. 20593

ABSTRACT

9For vears the Coast Guard has been able to obtain qualified mariner's to
help in its marine safety missions through its Licensed Officers in the Mer-
chant Marine (LOMM) Program (previously known as the 219 Program). This pro-

gram, which allows qualified merchant mariners direct entry into the Coast

Guard as a commissioned officer, has recently been attracting fewer and fewer
merchant mariners. This is probably because of higher pay in the merchant

marine as well as the current lack of interest in working for the Coast
Guard. With a declining number of experienced merchant mariners entering the
Coast Guard, the number of trained experienced personnel able to handle the
camplex problems of the increasingly technological marine environment are

decreasing. In order to meet the needs of a well trained, educated Coast
Guard, capable of dealing with the increased technology of today's merchant
marine, a well defined training program must be established.

There is currently not a well organized, well defined training program
that acccurately meets the current and projected needs, goals, methods and
procedures of the Coast Guard, and provides the education and training neces-

sary for Coast Guard personnel (Officer and Enlisted) to meet the demands of
today's and tommorrow's Marine Safety Office.

The objective of this work, currently getting started, is to develop a
managable, effective, and comprehensive training program to provide trained
marine safety personnel from entry levels through upper management (District
Staff). The work will begin with a task analysis to determine the skill and

knowledge requirements in all current and planned marine safety (MS) task
areas (including special projects under development by the office of Research

and Development such as the Marine Safety Information System (MSIS)). From
this and a review of all current and planned Coast Guard funded training pro-

grams in the Marine Safety field, the information necessary to develop a corn-

prehensive training program will be developed.
'This paper outlines the nature and scope of the problem and the approach

that will be taken to develop the training program necessary to insure that

the U.S. Coast Guard will have trained knowledgeable personnel in the Marine
Safety area.

The opinions expessed in this paper are those of the author, who is solely

responsible for the accuracy of the contents, and does not necessarily reflect

the views of either the U.S. Department of Transportation or the U.S. Coast

Guard.
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INTRODUCTION

Since the creation of the Revenue Marine in 1790 to the present, the U.S.

Coast Guard has had several major functional areas of responsibility. Three
of these, Commerical Vessel Safety (CVS), Marine " -ironmental Protection
(MEP), and Port Safety and Security (PSS), have .' recently combined under
the auspices of marine safety. Marine Safety Oi ices (MSO) across the country
currently handle the majority of the Coast Guard's compliance effort in these
three major functional areas.

While Congress provided the Coast Guard with certain specific powers and
constraints to enforce marine-related laws and regulations, several dissimilar
approaches to law enforcement have evolved as a result of the variance between
various statutory authorities. For example two methods of achieving CVS pro-
gram objectives are: withholding a Certificate of Inspection from certain
classes of vessels that do not ccmply with the minimal safety standards pre-
scribed by laws and regulations: and withholding a License or Merchant
Mariner's Document from any person who does not comply with the requirements
of appropriate Federal laws and regulations.

The MEP Program, on the other hand, is not restricted to any certain catc-
gory of clientele since its requirements apply to the general public. Unlike
the CVS Program, there are neither licenses or documents issused, nor are po-
tential pollution facilities (except certain vessels and certain bulk liquid
facilities) inspected or certificated. Origionally, law enforcement in the
MEP Program was one of "crime and punishment" since no concrete pollution
guidelines existed. However, since the program's inception, the emphasis has
shifted from the punishment aspect to the prevention aspect, because, in the
final analysis, prevention of pollution incidents is the only true way to pro-
tect our environment.

The PSS Program focuses upon a more limited clientele involving both port
facilities and merchant shipping. It is not, however, nearly so restricted to
finite safety prevention measures as the CVS Program, since the scope of PSS
activities includes foreign flag vessels, U.S. merchant ships, and certain
waterfront facilities.

For years the Coast Guard has been able to obtain qualified mariner's to
help in these missions through its Licensed Officers in the Merchant Marine
(LOMM) Program (previously known as the 219 Program). This program, which
allows qualified merchant mariners to enter the Coast Guard, has recently been
attraching fewer and fewer merchant mariners. This is probably because of
higher pay in the merchant marine as well as the current lack of interest in
working for the Coast Guard. With the declining number of experienced mer-
chant mariners entering the Coast Guard, the number of trained experienced
personnel able to handle the complex problems of the increasingly technolooi-
cal marine environment are decreasing.

Today all personnel assigned to CVS, MEP, and PSS program-funded billets
may be refered to as "marine safety" personnel and it is the Commandant's goal
that they be well trained in most aspects of marine safety activities. How-
ever, it is recognized that not all personnel will have the same level of ex-
perience in "marine safety", regardless of rank or grade, because the term
encampasses not only functions such as marine inspection, pollution investiga-
tion, etc., but any other operational function at a marine safety unit.
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CU.RRENT TRAINING

On-the-job-traii.ing, which deals with improving the qualifications of in-
the responsibility of the HO program manager, who provides policy and direc-

tion to district commanders and commanding officers of field units. On-the--
job-training coupled with formal CG residence Courses and programmmed special-
ized training (ie., short courses at industry facilities), presently comprise
that phase of marine safety field qualification training. Because the respons-
ibilities for qualifying marine safety marine safety field personnel are dif-
fused among program managers, a support manager, and unit commanding officers,
this aspect of training is divided into three parts, termed 'Level I', 'Level
II', and 'Level III'. In general, Level I is Mandatory training, Level II is
desirable training, and Level III is optional training.

Level I training is designed for marine safety personnel begining their
first tour in marine safety duty. The training consists of an optimal period
of 2 to 3 raonths familiarization at the unit prior to attendance at formal
resident courses, then a period of resident training, and finally ccinpletion
of a departmental on-the-job qualification program.

There are currently several formal residence courses available for Level I
training. The primary officer formal training course is the Marine Safety
Basic Introduction Course (MSBIC). The MSBIC is 12 weeks in length and is man-

datory for all first-tour commissioned officers assigned to MSO's, MIO's, COTP
units, and selected HQ and district billets. The Marine Environment and Sys-
tems Petty Officer Cour.e (MESPOC), provides basic indocrination to petty of-
ficers of all ratings who are on their inital tour of duty in marine safety.
The MESPOC is five weeks in length and deals primarlv with PSS and MEP Program
functions. Some CVS Program activity is also presented to provide the basic
knowledge upon which to conduct on-the-job-training as assist-ant marine in-
spectors. This course is for all Petty Officers routinely assigned to marine
safety duties.

Level II training consists of training which supplements Level I training.
While Level I training provides the basic knowledge and skills for all marine
safety personnel to perform marine safety functions, Level II provides the
higher le il of knowledge and/or skill for designated personnel to perform the
more specialized and technical duties involved with marine safety. Level II
training, therefore includes formal specialized resident training that is
necessary from the program manager's viewpoint to improve performance. There
are presently approximately 50 Level II co':rses being conducted by various
colleges, universities, private industries, and government agencies. Each
course is designed to meet a particular professional performance need in
marine safety. As a general rule, Level 1I training is intended for persons
who have completed their mandatory Level I training.

Level III training consists of optional training or education which the
participating officer or petty officer believes to be of general benefit to
him in the performance of his marine safety duties. This is analogous to off-
duty training. Examples of Level IIT training include: (1) Off-duty cormiunitv
college courses in diesel engines, English composition, welding, etc. (2)
Participation in Propeller Cliub seminars, Civil Defense workshops, etc., and
(3) Correspondence courses in fields related to marine safety. This level of
training is left to the participant. When funding is available through exist-
ing Coast Guard or other agency programs, command support is indicated; other-
wise the command is not required to participate in this level of training.
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*1 Notwithstanding the comprehensive training plan described above, several
problems exist in the training area which must be addressed:

o A significant percentage of Level II training is not specifically
designed to meet Coast Guard marine safety requirements.

o Field units often lack adequate training aids for on-the-job training.
o Standards for personnel qualification (of CG Personnel) are often

vague, e.g. in the inspection area.
o Trainees have difficulty securing space in the marine safety school.
o There is no formal on-the-job qualification program for enlisted per-

sonnel.
o Personnel are often not rotated from division co division in their

MSO during their initial tour.
Although steps have been taken toward correcting these problems, a more com-
prehensive response to the training problem must be developed. There still
remains a clear need for:

1) identification of skill and knowledge requirements necessary to
perform each the tasks performed by field personnel and to de-
termine what qualifications are necessary,

2) review of the Coast Guard's existing training programs to ident-
ify gaps, and

3) development of recommendations for effective and comprehensive
training and suggested training objectives.

PERSONNEL STRUCTURE

The general structure of the MSO calls for 75 different types of billets
which require the services of commissioned officer. (See Figure (1) for a
typical Marine Safety Office (MSO) organization). An additional thirteen MSO
billets call for enlisted personnel. It should be noted that enlisted person-
nel may fill some billets designed for commissioned officers, in the special
circumstance that the enlisted person has the knowledge and t.xperience to do
so.

It is evident that the MSO personnel organization already provides a
strong flexibility in expertise to cover small and large operations. It has
an inherent capability for expansion or contraction as the need arises. This
flexibility is highly dependent on the training and resourcefulness of person-
nel at all levels in the MSO structure. Any expanded future training scheme
should be designed to promote flexibility because the MSO responsibilities are
getting larger by dictate; viz the additon of tank ship inspection and the
offshore drilling ship/platform operation responsibilities.

Common sense suggests that the very existence of an MSO should enhance and
integrated operation which can spin off into an integrated CVS, MES, PSS
training approach. The questions, of course, is how effective can an MSO he
without a strong degree of specialization. (It is noted that the GAO main-
tains that chere is not enough specialization, at least for CVS).

Notwithstanding that specialization is implicit by billet definition and
the related OJT and experience therein, any expanded training scheme should at
least maintain a common curriculum approach for CVS, MEP and PSS at all levels.

There is a large diversity of disciplines and technologies that must be
captured and maintained by MSO personnel. Their duties call for increasing
understanding of advancing technologies in order to perform their duties ef-
fectively. To accomplish this, specialization at all "hand-on" operating
levels is a very powerful argument.
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Specialization is an inherent outcome of our technological existence and
for MSO is primarily created by previous experience and OJT. As the majority
of MSO personnel "rotate" into the service from their normal Coast Guard dis-

ciplines, they bring with them a natural specializaticti -o3 the MSO. It would
seem very inappropriate not to use such specializations to the fullest extant
possible.

TRAINING PROGRAM

The objective of this work is to provide information on skills and know-
ledge requirements in all current and planned marine safety (MS) task areas
(includina special projects under development by the office of Research and
Development such -s the Marine Safety Information System (MSIS)). Information
will be obtained on current and projected marine safety training courses and

on-the-job-training. From the information obtained a managable, effective,
and camprehens.ve training prcgram will then be developed to provide trained

marine safety perscrnel from entry levels through upper management (District
Staff).

To accomplish these objectives, the following tasks must h.. performed:
1) A work systems analysis of all marine safety functions. The analysis

will cover all tasks and levels in all marine safety functions, ie.,
Inspection Department, Port Operation Department, Investigation De-
partment. Document and License Department, and Administrative Staff.

In addition to existing tasks, the analysis will identify any new
tasks that may be expected to result from changes in eqiipment, -

ganization, laws, regulations, rules and procedures. The analysis
will specify the skills and knowledge neded for each task identified.

2) A review of existing marine safety training, both formal and on-the-
job training. This review will identify those skill and knowledge
areas required for marine safety functions and the level to which
they are taught.

3) A review of existing training methods and techniques. This review
will provide information on the training methods and techniques ap-
plicable to marine safety training.

4) Recommendations for training methods and techniques that will provide
managable, effective, and comprehensive training for each training
requirement identified.

In order to achieve all the objectives outlined above, a systems approach
must be used. Such an approach views the work organization systematically.
It must take into consideration all aspects of the work organization
(system). These include: the organizational goals (desired productivity/ out-
puts)- what work must be done to achieve these goals; and what attributes
workers must have to perform the work. The method used for the analysis must
identify the worker, the work organization and the work performed.

a) The worker covponent must identify the worker's capabilities, exper-
ience, education, and training. The worker component must relate to
things, data and people, performance standards, specific training,

and the nature of instructions required to carry out particular tasks.

b) The work component must identify what is actually being done (or

planned to be done).
c) The work organization component must identify the organization's pur-

pose, goals, resources, constraints, and objectives, and the way ic

structures itself to achieve them.
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These three components of the work system are interdependent. Any change
in one component without regard fe: the others will throw the system out of
balance. Figure (2) shows the planned approach to solve this problem.

Work Systems Analysis

This analysis will review all Officer and Enlisted Billets dealing with
marine safety functions up to and including District Commander(m). It will
delineate differencee that may result from differences in the types of geo-
graphic areas covered by the MSO -ie., Great Lakes, river, ocean.

The approach taken in performing this analysis is one that will meet the
following criteria:

1) Provide a job analysis involving a careful study of jobs within
the organization, to define specific job content. The analysis
must provide an orderly, systematic collection of data about the
job or position. Its purpose Is to spel. out, in as much detail
as possible, what tasks constitute the job, how they are per-
formed, and what behavior (skills, knowledge, and attitudes) the
jobholder must have to perform certain specified tasks. The
analysis will:
a) utilize explicit, controlled, standardized ]ahguage which

can be recognized and understood across work fields and yet
allows the reader to compare Jobs (tasks).

b) be stated to reveal precisely and concretely:
1) what gets done (that is, the proceedures, methods, and

processes with which the worker is engaged as he
performs a task),

2) what he does (that is, the physical, mental, and
interpersonal involvement of the worker as he carries
out proceedures and processes).

2) Provide an organizational analysis that examines the system wide
components of the organization that affect the training program
beyond those factors normally considered in task and person
analysis. It will include an examination of the organizational
goals, the resources of the organization; and the internal and
external constraints present ii: the environment. The analysis
must reflcct the natural organization and structure of the agency
as a work organization. It mus. describe the tasks and jobs as
they are actually tailorE2 to fit the local conditions.

3) Provide a systems approach that:
a) Works from a statemert of overall purpose, step by step, to

determine what must be done to achieve that purpose.
b) Works from thp overall goal(s) of the crganization to de-

velop a set of specific objectives.
c) Works from the objectives to determine what must be done to

attain hem, and identifies the major areas of work to be
done.

d) Works with these major .%ork areas and identifies and de-
fincs spLCific tasks which need to be done -o accomplish the
objective of each subsystem.

e) Defines each task precisely an3 concretely.
f) Organizes the tasks in jobs, identifying similar functionaJ

levels, performance standards, and skill requirements.
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An analysis of McCormick's Position Analysis Questionaire (PAQ),
Christal's Job Inventory Approach (JIA), Fine's Functional Job Analysis and
Systems Analysis Approach (FJA), the Air Force developed Comprehensive Occupa-
tional Data Analysis Program (CODAP), and thi Depaitment of Defensels Instruc-
cional Systems Development approach (ISD), has shown that of these approaches
to task analysis, only Finets FJA comes the closest to satisfying all of these
criteria.

In fact the methodology chosen to analyize the work systems contains all
4aspects of Fine's FJA approach, yet is modified to provide a "complete

systems" approach for task analysis. This was done in order to provide infor-
mat'.on from the task analysis for three distinct purposes These are:

a) To provide information for Headquarters use in determining the
manning levels of field marine safety units and to provide task
data for determining billet descriptions.

b) Develop a qualifications jacket that would be capable of being
maintained by each individual and would provide information to
the Coast Guard detailer and to the Unit Commanding officer
about the work, education, and training background and capabili-
ties of the individual.

c) Develop information similar to what will be generated in this
study, on additional training and education requirements for
Coast Guard Reservists being called to active duty because of a
Declaration of War or a declared National Emergency.

Training Review

The objective of this task is to review existing and planned, formal and
on-the-job-training conducted or funded by the Coast Guard, review the train-
ing methods and techniques used in each training course identified. and review
cxisting training methods and techn-ques.

The approach for this task will be to conduct a review of the following:
a) Existing and planned Coast Guard marine safety training,
b) Formal and "on-the-job" marine safety training,
c) Existing training methods and techniques used in training

identified above.
This :eview will Identify, for each of existing and planned training, as a

minimum, the following items (reterring to the skill and knowledge require-
ments defined by the task analysis).

a) The training requirement currently filled by the training.
b) The training requirement partially filled by the training.
c) The type of training and who conducts it.
d) The location of the training, and the average cost to the Coast

Guard for the training.
e) The qualifications of the instructor.
f) Student prerequisites, if any.

Training Intergration/ Recommendations

The objective of this task is to integrate the results of TACKS I and II.
This integration will provide the basis for recommendations that will provide
managable, effective, and comprehensive training for marine safety personnel
(Officer and Enlisted).

JON-I- 7



Three -Aibtasks are anticipated in order to meet this objective. These
subtasks v ill:

1) A review of the Work Sysytems Analysis and the Training Review
are examined as a starting point .n the development of recom-
mendations for unit training, OJT, formal training, and training
management.

2) Identify discrepancies between existing and optimal training.
Where differences between the training currently existing (or
planned) and the training requirement developed in the task
analysis exist, the training requirements are developed. This
definition will include evaluation critera, training objectives,
and recommended presentation techniques.

3) Develop recommendations for unit training and marine safety
training management.

CONCLUSION

This work is just getting started and it is hoped that the results of this
work will provide the Headquarters' Marine Safety Training Council with the
information necessary to determine managable, effective, and comprehensive
training that will allow maximum utilization of training resources, maximize
each individual's personal development, maximize the usefulness of each
individual to the overall Coast Guard, and identify the training requirements
for personnel working in individual Marine Safety Offices.
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£USING ERROR RATES TO SELECT A CUT-SCORE

Karen N. Jones

U. S. Coast Guard Institute

Oklahoma City, Oklahoma

ABSTRACT

This paper presents an easy-to-use graphic method for selecting an optimal
cut-score for a selection or classification test or for comparing tests. In this
method, which is an adaptation of the receiver-operating-characteristic (ROC)
curve, the probabilities of selection errors or incorrect decisions (i.e., the prob-
ability of a miss and the probability of a Lalse alarm) for potential cut-scores are
plotted. This method enables the user to select a cit-score to achieve a ratio of
misses to false alarms as determined by the demands of a specific situation.

a Examples of the use o2 this method are presented.

INTRODUCTION

The purpose of this paper is to present a graphic method for selecting optimal
cut-scores for predictor tests, i.e., for selection and classification tests. The graph
developed using this method illustrates the proportion of errors in personnel
decisions which would be made with each potential cut-score on the predictor test.
This method uses a measure of the predictive validity of the predictor test and
therefore requires pass or fail data on the performance being predicted (i.e., on the
criterion). It is designed for use with a selection or classification test that will be
used to predict future performance by dividing individuals into two categories: (I)
those who pass the predictor test, are accepted, and are expected to succeed on
the criterion and (2) those who fail the predictor test, are rejected, and are
expected to fail on the criterion.

In the situation where performance on the predictor and performance on the
criterion can be divided into pass and fail categories, there are several ways to
select an optimal cut-score for the predictor test or to compare predictor tests.
For example, the user can select a cut-score and/or a predictor test with the
highest correlation or the lowest chi-square between the predictor and the
criterion. The method presented in this paper has several advantages over these
methods including being easily understood, easy to present, and usable with
predictor tests scored by number of correct responses or by number of errors.

This method was developed to compare the validity of several clinical color
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vision tests as predictors of performance on the Federal Aviation Administr" -n's
aviation signal light gun test (Jones, Steen, & Collins, 1975). It is an adaptaL."n of
the receiver-operating-characteristic (R ) graph or curve which is used in signal
detection theory to evaluate measurement sensitivity (Green & Swets, 1966). In the
graph developed in this procedure, the user can see the effect which potential cut-
scores on the predictor test would have on the personnel decisions made using the
test. This enables the user to select a predictor test and/or a cut-score by
counterbalancing the two types of errors involved in making personnel decisions--
passing someone on the predictor who would fail the criterion (termed a miss) and
failing someone on the predictor who would pass the criterion (termed a false
alarm). The errors were chosen for graphing in this application rather than using
an error and a correct decision as is graphed in the ROC graph, because a graph of
the two types of errors appeared to be more sensitive to changes in cut scores.

The graphic definition of errors and correct decisions is presented in the
contingency table in Figure 1. As shown in this figure, the data are divided into
the following four categories based upon pass or fail on the predictor and pass or
fail on the criterion: ()pass predictor and pass criterion--hit; (2) fail predictor and
pass criterion--false alarm; (3) pass predictor and fail criterion-.-miss; and (4) fail
predictor and fail criterion--correct rejection. To make the terms easier to
understand in the context of personnel testing, for this application the definition of
false alarm and miss have been reversed from the way they are defined in signal
detection theory.

CRITERION

PASS FAI L

PASS HIT MISS

PREDICTOR

FALSE CORRECT
FAIL ALARM REJECTION

p (-Hit) - p (Pass predictor I Pass criterion)
p (Miss) - p(Pass predictor I Fall criterion)

p (False Alarm) * p (Foil predictor [Pass criterion)

p (Correct Rejection) a p (Fall predictor I Fall criterion)

Figure I - Predictor and criterion contingency table and conditional probability
equations for personnel decisions. (Adapted from Jones, et.al, 1975)
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In Figure 1, ihe conditional probability equation for each category of

personnel decision, e.g., hit, is also pre.,ented. In these conditional probability
equations, the probability of an occurrence on the predictor is conditional upon the
occurrence of the criterion. For example, the equation for a hit is:

p(Hit) = p(Pass predictor I Pass criterion)

This equation is read as: "The probability of a hit equals the probability of passing
the predictor given that the criterion will be passed." In other words, the
probability of a hit for a particular cut-score is equal to the number of examinees
passing the predictor and passing the criterion, divided by the number of examinees
passing the criterion, i.e.,

p(-ht)z number of examinees passing the criterion and passing the predictornumber of examinees passing the criterion

The conditional probability equations for the other three categories of personnel
decisions are read and calculated in a similar manner.

DESCRIPTION OF METHOD

In the graphs developed using this method (e.g., Figure 2), the proportion of
errors and the proportion of false alarms which would have occurred at each cut-
score on the predictor test are illustrated. The steps involved in this method are
presented below and an example of the product of steps 1, 2, 3, and 4 is presented
in Table 1.

Step One: Prepare two frequuency distributions for the predictor
scores--one for the examinees who pass the criterion and one for the examinees
who fail the criterion.

Step Two: Calculate the number of false alarms and tne number of
misses which would occur if the cut-score was set at each predictor score.

For a test scored by number of correct responses, the number of
false alarms for a specified score is the number of examinees who made scores
lower than the specified cut-score and passed the criterion; and the number of
misses is the number of examinees who made scores equal to or greater than the
cut-score and failed the criterion.For a test scored by number of errors, the number of false alarms

for a specified score is the number of examinees who made more errors than the
cut-score and passed the criterion; and the number of misses is the number of
examinees who made the same or fewer errors than the cut-score and failed the
criterion.

Step Three: Transform the number of false alarms and the number of
misses in Step Two into the proportion of false alarms and the proportion of misses.

Step Four: (optional) Transform the proportions in Step Three into z
scores.

Step Five: Plot the proportion of false alarms and proportion of misses
for each predictor score on double probability paper OR plot the z scores for the
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proportion of false alarms and misses for each predictor score on regular graph
paper.

Step Six: Select an optimal predictor test or cut-score.

The sixth step is often the most difficult since selection of an optimal test or
cut-score may incorporate several factors, e.g., cost of training and criticality of
success on the criterion, and a decrease in one error rate is accompanied by an
increase in the othcr error rate. For example, as the cut-score is made more
stringent, the miss rate decreases and the false alarm rate increases. Therefore,
the user must counter-balance the two error rates for a particular situation. In a
situation where the cost of failure was high, e.g., people can be killed or injured if
the person selected fails at the task during training, the user would want a
predictor test with a low miss rate and would be willing to tolerate a higher false

alarm rate to achieve a low miss rate. In another situation, where success in
training or on-the-job is not so critical or the cost of failure is not excessive, the
user might want a lower false alarm rate and would be willing to sacrifice a low
miss rate to achieve 'the lower false alarm rate. There are no rules of thumb for
selecting a test or a cut-score based upon the graphs developed in this method.
Final interpretation of the data and selection of a test and/or cut-score must be
left to the user's discretion.

EXAMPLES OF APPLICATION OF METHOD

Figures 2, 3, and 4 are examples of the application of this method. Figure 2
illustrates the predictive validity of two pseudoisochromatic plate tests--the
American Optical Company test (1965 edition) and the Dvorine test--as predictors
of performance on the Federal Aviation Administration's signal light gun test. As

7, shown in Figure 2, the predictive validity of the two tests, as represented by the

50 -

AOC rest

40 - 9 Io 12 13 14

Dvorino test

.30

- .20

.05

X----x Dvomefl

•I I I I

.05 .10 .20 .30 .40 .50

P (Miss)

Figure 2-Miss and false alarm rates for the American Optical Company and Dvorine
tests as predictors of performance on the aviation signal light gun test.

(Adapted from Jones, et.al, 1975)
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miss rate associated with a particular false alarm rate or vice versa, was quite
similar. In comparing the two tests or selecting an optimal cut-score, evaluation
can be made based upon the miss and false alarm rates without reference to the
cut-score associated with each miss and false alarm rate. For example, for a miss
rate of approximately 0.17, the false alarm rate on both tests was approximately
0.07. This similarity can be seen throughout the graph. An examination of themiss and false alarm rates in relation to the cut-scores, which are printed at the top
of the graph, shows that the same cut-score on the two tests often had a different
predictive validity or, conversely, the same miss and false alarm rates had a
different cut-score. For example, for a miss rate of approximately 0.07 and a falsealarm rate of approximately 0.09, a cut-score of eight errors would be selected for

the American Optical Company test and a cut-score of ten errors would be
selected for the Dvorine test.

Since the false alarm rates for all of the cut scores on the plate tests in
Figure 2 were low, the cut score for each test could be selected based upon the
miss rate. Unfortunately, this situation does not always exist. An example of a
test with less than optimal predictive validity is presented in Figure 3. In this
figure, the validity of the Farnsworth 100-Hue test as a predictor of performance
on the aviation signal light gun test is represented. As in Figure 2, in Figure 3 the miss
and false alarm rates for each potential cut-score are plotted with the cut-score for
each point on the graph printed at the top of the graph. As can be seen in this

.'0

.$01

.40

.30

oU

200

.10

.. 0 .10 .20 .30 440 
.50

i Figure 3-Miss. and false alarm rates for the Farnsworth 100-Hue test as a
• predictor of performance on the aviation signal light gun test. (From Jones,et.al 1975)
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figure, there were no potential cut-scores for which the miss rate and the false
alarm rate were as low as was achieved with the plate tests in Figure 2. For
example, for a miss rate of 0.05 the false alarm rate was 0.50 or higher as
compared to a false alarm rate of 0.10 on the tests in Figure 2. The most optimal
cut-score for the test in Figure 3 appeared to be 100-115 where the false alarm
rates were approximately 0.12 - 0.20 and the miss rates were approximately 0.15 -
0.22. Although these rates are not as high as ones which might be encountered,
since the Federal Aviation Administration had approved other tests which had
higher predictive validities, this test was not recommended for use as a predictor
of performance on the signal light gun test by Jones, et al. (1975).

In Figure 4, the data for another application of this method are presented. In
this figure, the validity of the At med Forces Vocational Aptitude Battery (ASVAB)
as a predictor of success on the U. S. Navy's Basic Test Battery (BTB) for a sample
of 271 Coast Guard recruits is presented. Since a composite standard score of 130
is used as the cut-score for enlistment on two of the Coast Guard's selection tests
(the Coast Guard Selection Test and the Short Basic Test Battery) and this score
equates to a standard score composite of 130 for GCT + ARI + MECH on the 32TB,
success on the BTB for this comparison was defined as a composite of 130 cr
higher. The rut-score oi 25 on ASVAB wjich was in effect when this sample of
examinees enlisted in the U.S. Coast Guard i not represented in Figure 4 since it
was "off-the-scale" at p(Miss) = 1.0 and p(False Alai m) = 0.0. In fdct, as can be
seen in Figure 4, the miss rate for the potential cut-scores on ASVAB did not drop
below 0.50 until a cut-score of 34 was used. This indicated that the cut-score
being used with ASVAB was too low. Although recommendations for the selection
of a new cut-score for Coast Guard use have not been made based upon these data,
it would be feasible to make such a recommendation and the recommendation made
should depend on the desired impact of the cut-score. For example, if the desi,'ed
result was a very low miss rate and a higher false alarm rate could be tolerated, a

.30

E .20

2 .10
o

U.

.05

.05 .10 .20 .30 40 .50 .60 .70

p (Miss)

Figure 4 - Miss and false alarm rates for the Armed Services Vocational
Aptitude Battery .-s a predictor of performance on the Basic Test Battery.
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cut-scle of 48 or 49 would be recommended. Or if the Coast Guard wanted
approximately equal false alarm and miss rates in the range of 0.10 to 0.20 then a
cut-score of 44 to 46 would be recommended. As this example indicates, selection
of an optimal cut-score depends on the desired impact of the test which in turn
could involve a number of factors.

CONCLUSIONS

This method has several advantages for the user. For example, the
calculations can be performed manually, the same graph can be used for comparing
tests or for selecting cut-scores, and the graph is easy to present and to
understand. Also, since the false alarm rate increases as the miss rate decreases
and vice versa, it is possible to make generalizations to cut-scores higher or lower
than the ones represented on the graph. However, the user should keep in mind
that an investigation of the robustness of the method to factors such as sample size
and truncation have not been made. Therefore, generalizations beyond the data
represented or generalizations with a small or non-representative sample should be'
made with caution. However, it may be feasible to develop a correction factor
for this type of situation.
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FOOTNOTES

I. On March 31, 1980, the Coast Guard suspended use of ASVAB as a selection
battery for enlistment.
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